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From the root bark of apple trees comes 
the glucoside phloridzin. It is a rare substance 
to be thought of as an industrial chemical. 
Nevertheless B.D.H. has on occasion made the 
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about £20,000, in a single year 


For the rarest of industrial fine 
chemicals the first choice is B.D.H. 


FINE CHEMICALS Oy 
FOR INDUSTRIAL USE = an 


/ 


THE BRITISH DRUG HOUSES LTD. POOLE DORSET 
B.D.H. LABORATORY CHEMICAIS DIVISION 












MEET THE DEMANDS OF EDUCATION 


80 units are now installed in the new David Keir Building, 
Queen’s University of Belfast. 


Over 5,500 AC/DC, Low voltage 
Experimental Power Units, having out- 
puts AC/DC. 40 amps at 0-14 volts 
32 amps at 14-18 volts, have been 
supplied to Universities, Technical 
Colleges, Grammar Schools’ and 
Secondary Modern Schools. 
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The front panel is hinged to expose the wiring and com- 
ponent parts for teaching, and the interlocking isolation 
switch renders the unit “‘ dead” and quite safe to handle. 
These units meet the full requirements of Education Com- 
mittees. Full technical specification will be sent on request. 


EXPERIMENTAL POWER UNITS 
LEGG (INDUSTRIES) LIMITED, WILLIAMSON STREET, WOLVERHAMPTON 


Phone : W’hampton 24091 /2 Grams: “ Legrec, W'’hampton” 
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Algae in meteorite? 

The striking news that traces of algae 
have been found in a carbonaceous 
meteorite by American scientists has now 
been confirmed in a letter to “Nature” 
from Professor Nagy of Fordham 
University, New York. That the algae 
remains are genuine—and not artefacts 
due to peculiar mineral impressions—has 
not yet been decided. Such ambiguities 
have been reported many times in Pre- 
Cambrian rocks of the earth, where the 
primitive life-forms that did exist (such 
as algae) had no calcareous skeleton to 
make a firm impression in the surround- 
ing rock. The remains are now being 
studied closely by a variety of physical 
and chemical techniques, both in the U.S. 
and in this country. 

The material in which Professor Nagy 
and his colleagues made their find was a 
fragment of the Orgueil meteorite which 
fell in France on May 14, 1864. About 
20 fragments were recovered, mostly 
about the size of a clenched fist; chips 
of these have since been distributed to 
museums and laboratories all over the 
world. It was in one of these chips that 
Professor Nagy, earlier this year, reported 
finding traces of “living” organic mole- 
cules—namely, hydrocarbons similar to 
those occurring in living organisms, and 
molecules with structure very similar to 
purines, among the essential constituents 
of DNA. Professor Calvin in the US., 
and Dr. Briggs in New Zealand, also 
reported similar finds in carbonaceous 
meteorite fragments, including traces of 
amino acids, the basic units of protein 
chain molecules. 

At the time these discoveries were 
thought to be the first convincing 
evidence that life exists elsewhere in the 
universe. In the last few months it has 
turned out that this claim could be false. 
Recent experiments and theoretical work 
at Cambridge has shown that all the 
above so-called “living” molecules can 
in fact be reproduced extremely simply 
by uncomplicated inorganic reactions. 
(It has been known for a long time, for 
example, that amino acids can be 
synthesised by providing energy in the 
form of electric discharges to mixtures 
of methane, ammonia, and other simple 
compounds in the laboratory.) But no 
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amount of human chemistry can, as yet, 
produce algae: the results of further 
analysis of these finds will be awaited 
with great interest. 


Too many scientists? 

The publication of the report on scientific 
manpower by the Advisory Council for 
Scientific Policy dispels another popular 
myth—that the lack of trained scientists 
will be an increasingly serious problem 
in the future. With an estimate of 346,000 
trained scientists by 1970 the country will 
easily be able to meet the estimated 
demand of 328,500 from industry ; by the 
end of the decade 30,000 scientists and 
technologists will become available 
annually, compared to a figure of 20,000 
at present. 

One weakness of the report is the 
rather arbitrary assumptions made for 
future industrial demands; namely, that 
firms now employing scientists and tech- 
nologists will increase their scientific staff 
to match the practice of the “ best ” firms 
at present, and that the latter will not 
make any substantial increases. Also, 
the figures apply only to demands for 
scientists and technologists in industry, 
not to the future demands from the 
human (and biological) sciences. 


Controlling vector diseases 

The attack on the insect vectors of 
human—and especially tropical—disease 
has always ranked high in the agenda 
of the World Health Organisation. To 
enable the new direct research pro- 
gramme to be pushed forward fast and 
efficiently, a number of distinguished 
workers are now being recruited or 
seconded, including Mr. Marshall Laird 
as specialist in biological control, and 
Dr. Winteringham who will continue his 
studies on the nature of resistance to 
insecticides under W.H.O. 

In addition to the screening and testing 
of new insecticides and the evolution of 
new equipment and control methods in 
the field, the basic biology, ecology and 
physiology of vector insects is now being 
studied. Some of this work is being 
carried out through the award of grants 
for specific research projects at universi- 
ties. The screening of insecticides, a 
continuation of the programme described 
in Discovery in September of last year, 


is carried out in a five-stage plan. Some 
260 chemicals have already been tested, 
Of these, more than 70 have passed the 
initial test for insectidal activity on 
insects of public health importance, and 
a select group of less than half a dozen 
have now reached the later stage of test. 
ing at village level in the field. After 
this they will undergo a final test before 
beginning their operational use in the 
malaria eradication campaign. 

A completely new programme deals 
with the vectors of filariasis, one of the 
forms of which is elephantiasis, currently 
reported to be spreading rapidly in many 
tropical countries. The new programme, 
intended to anticipate an increasingly 
serious problem as this terrible scourge 
extends its range, will start with basic 
biological and ecological studies, and then 
pass on to field work and studies of the 
possibility of biological control. 

A key problem in the search for new 
public health insecticides is that of 
mammalian toxicity. If the elements 
that are lethal to mammals can be iso- 
lated from insecticides, it should be 
possible to produce tailor-made materials, 
safe for use for public health purposes, 
and specifically designed to circumvent 
the insects’ power of resistance. When 
this can be done, most of the dangerous 
insect-born diseases may be conquered. 


Fall-out 


Last month, for the first time, the public 
became fully and anxiously aware of the 
threat from fall-out. While the levels 
of iodine-131 in milk continued to rise 
above the “ acceptable ” dose for a year, 
the Russians continued testing larger and 
yet larger bombs (see graphs right). 
How much radio-iodine will reach the 
ground from these latest high-yield, high 
altitude tests before it decays to harmless 
levels (with a half-life of eight days) is 
not yet known. But there is certainly 
cause for some concern, perhaps for 
more than the authorities have publicly 
admitted. Though there has been much 
open talk about supplying babies under 
one year with uncontaminated dried 
milk, there has been a great deal of mis 
leading information on actual steps that 
are being taken. For example, it has no 
become generally known that mafy 
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90, caesium-137, and zirconium-65—will 
behave in the coming months, though 
they are firmly expected to rise, possibly 
to several times their present levels. In 
October the strontium-90 level in the 


welfare clinics have already been supplied 
with dried milk. 

It is also too early to predict with any 
certainty how the levels of other fission 
products—notably plutonium, strontium- 
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Fall-out facts : the top three graphs covering September and October show a) the 
recent sequence of Russian tests, (b) the total air activity (in micro-microcuries per 
Wegrem of air) as measured at Harwell, and (c) the A.R.C. weekly averages over the 
whole country of iodine-13! leveis in milk (maximum “permissible” level over one 
year: 130). The bottom graph shows the total air activity (at Harwell) for 1958 
and 1959: testing stopped in November, 1958, except for the French series in 1959. 
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bones of growing children was up to 
about eight strontium units per gm. 
calcium (compared to four s.u. for the 
peak in 1958). This figure is still low in 
relation to the M.R.C. maximum permis- 
sible level of 67 s.u.; but what, the public 
have begun to ask, is a “permissible level” 
—permitted by whom and for whom, and 
with what criteria? 


Seviet tidal power 

The first of the Soviet Union’s tidal 
power stations will be in use by 1964, 
according to the Soviet Information 
Service. The site is to be near Mur- 
mansk, on the Barents Sea, but the station 
is to be built as a floating dock at Arch- 
angel and towed to its final position. 
Although the station will only operate at 
1,600 kilowatts, it has been estimated 
that in a few years’ time tidal power 
will be adding 200,000 million kW hours 
a year to the Soviet power network. 


Surface reactions 

Dr. L. H. Germer, of the Bell Telephone 
Laboratories, has reported a new method 
of studying the absorption of monolayers 
of gases on crystal surfaces. Low energy 
electrons are diffracted from a surface 
and accelerated to a fluorescent screen 
by a strong electric field. The diffraction 
pattern produced on the screen gives the 
arrangement of the first layer of atoms 
on the surface of the crystal. This is 
proving a very powerful weapon with 
which to attack the problems of surface 
reactions, fundamental to the under- 
standing of catalysis. 


Breaking rock by electricity 

By clamping electrodes to rock and 
applying high energy radio-frequency 
power an electrically conducting path can 
be opened up through the water trapped 
in the rock. Passing an electric current 
can then produce intense local heating 
and eventually shatter the rock. This tech- 
nique has been developed by the General 
Electric Company in the United States 
in collaboration with Montana School of 
Mines, and could reduce the cost of 
mining operations considerably. Com- 
mercial equipment will cost about £24,000. 


Brain cooling 

Dr. Robert Boyd has reported that 
selective cooling of the brain during an 
operation has been successfully carried 








out at the Stanford Medical Centre, 
US.A. Chilled blood from the patient 
was led into the brain arteries until the 
temperature dropped to about 68°F. The 
blood flow to the brain was then stopped 
and the patient’s own heart and lungs 
were allowed to supply fresh blood to 
the rest of the body, which remained at 
about normal temperature. A surgeon 
then successfully removed a tumour from 
the brain that was so richly supplied with 
blood that the cperation without cessa- 
tion of the blood flow to the brain would 
have resulted in excessive haemorrhage. 
If blood flow to the brain is stopped at 
normal temperatures it is damaged irre- 
parably, so this technique holds great 
promise for the future of brain surgery. 


Europe in Space 

The first European satellite, launched 
by a European developed rocket, may 
well be in orbit by 1966. It is now as 
certain as anything nowadays can be, 
that Western Europe led by Britain and 
France is to enter the civilian space field 
on a substantial scale. This finally be- 
came clear with two events at the end 
of October. One was the long-awaited 
conference of government representatives 
in London to consider the draft conven- 
tion bringing a European Launcher 
Development Organisation (ELDO) into 
being. The other was the meeting in 
Munich to consider a parallel draft 
convention for the permanent European 
organisation (ESRO) for conducting space 
research experiments, using such an 
ELDO launcher. 

Both bodies, ELDO and ESRO, are 
to be confirmed by treaties between the 
member governments in the near future 
and will begin operations immediately 
thereafter. Both assume a European 
technical capacity in about five years’ 
time capable of placing 2,000-pound 
payloads into circular polar _ orbits 
(approximately equivalent to 200 pounds 
on the moon). The basis for this assump- 
tion is the advanced state of development 
of the British Blue Streak rocket (now 
abandoned as a defence missile after 
the expenditure of at least £70m), and 
upon the level of military liquid-fuel 
rocket development by the French. 

The project study carried out by RAE, 
Farnborough (Spring, 1960), on which 
both European planning groups depend, 
envisaged a 3-stage launcher capable of 
fulfilling the following functions to make 
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it worthwhile: (1) able to fulfil the needs 
of a global satellite communications 
system ; (2) able to place a large satellite 
(1,000-2,000 Ib) in a low altitude circular 
orbit as a stable platform for astronomi- 
cal observations ; (3) able to launch a few 
hundred pounds payload into an eccentric 
orbit reaching out to several Earth radii 
for studying the remoter geophysical 
environment; and (4) able to place a 
minimum satellite (about 100 Ib) in a 
highly eccentric orbit reaching as far as 
100,000 miles from the Earth’s surface 
for observation of the solar atmosphere. 

As of November 1961, the member 
nations of ELDO are the U.K., France, 
Australia, Belgium, Denmark, Holland, 
Italy, Spain and West Germany, with 
Norway, Sweden and Switzerland as yet 
uncommitted. France and the U.K. are 
the two sponsoring nations with prime 
responsibility for developing the 1st (Blue 
Streak) and 2nd-stage (French 8-ton 
nitrogen-hydrazine rocket) of the 3-stage 
launcher. The estimated cost over five 
years is £70m, of which the U.K. has 
offered to pay one-third. 

The ESRO Preparatory Commission 
includes all the above countries, with 
Austria, Greece and Jugoslavia as un- 
committed observers. The cost over five 
years: £6m, to be split in proportion to 
national incomes. Studies have shown 
that with a suitably versatile third stage, 
the Blue Streak /French rocket combina- 
tion could satisfy these varying demands. 

Effectively, the ELDO project stood or 
fell upon the decision of West Germany, 
the only interested nation in a position 
to contribute substantially in funds and 
technical capacity to ensure the efficacy 
of the critical third stage for which no 
hardware exists as yet. After long 
deliberation the West German govern- 
ment gave its verdict on the ELDO 
project at the beginning of October. It 
was favourable, and implies the intention 
of this country to develop the third 
stage for the launcher. This will be a 
liquid-fuel vehicle but there is a choice 
of designs, and several fuel combinations 
are possible. The selection between these 
possibilities is still to be taken. 


Profit from satellite 


communication 
The main object of the European 
Launcher Development Organisation 


(ELDO) is to put “commercially useful 
payloads into orbit at the earliest possible 


time.” This was stated by Mr. Peter 
Thorneycroft, Minister of Aviation, at 
last month’s London meeting (see above 
item). The only payloads that can be 
commercially useful in the foreseeable 
future are satellite telecommunications 
systems. 

The great advantage that radio relay 
via satellite will have over conventional 
telecommunications is that they will use 
the very high frequencies (microwaves) 
that are not reflected by the ionosphere 
and therefore cannot be used by con. 
ventional “ionosphere-to-earth bouncing” 
systems. This provides a wider and as 
yet unexploited waveband, and therefore 
higher traffic density; it is also inter- 
ference-free. It is the only method yet 
envisaged for passing TV signals across 
oceans. 

The most advanced technical study of 
a satellite communications system to 
serve European interests, based on the 
capabilities of the proposed European 
launcher, is a report prepared by the 
recently formed industrial consortium, 
the British Space Development Company. 
This has not yet been published but the 
main features of the system have been 
disclosed to this correspondent. 

The BSDC plan is severely practical: 
it is firmly held within the framework 
of immediate possibilities as outlined in 
the preceding note, yet it proposes full 
commercial operation giving world-wide 
coverage within seven years of the start 
of developing the European launcher. 

The plan proposes a number of posi- 
tion-controlled satellites containing active 
relays orbiting at several thousand miles 
altitude. The circular orbits would be 
fine-controlled in space by radar and 
their relative positions would ensure a 
pattern capable of covering the globe 
at all times of the day and night through- 
out the year. Transmission and reception 


on the ground would be handled by a | 


network of perhaps 50 primary groun¢- 
stations connected to the main message- 
handling centres by land-line of 
microwave link. The satellites would be 
comparatively small—about 300 pounds 
each. The ground station equipment 


would be in the 60-foot aerial diameter * 


range such as that now being built by 
the GPO at the Lizard for tests with 


next year’s American Relay communica: } 


tions satellite. 
The BSDC technical committee which 
prepared the report are quite confident 
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The elementary particles 


©. R. FRISCH 


The elementary particles — the substratum of all matter — are among the 


greatest enigmas of physics. We know of 30—why somany? What are 


they made of? What are the forces by which they interact? Will we ever 


Fig. |. The annihilation of matter and anti-matter. In this 
bubbie chamber picture a beam of anti-protons from the 
Berkeley bevatron accelerator enters at left. At the point 
marked by the arrow an anti-proton collides with a proton 





reduce their complexity to an ultimate pattern? 


in the chamber and the two particles become transformed 
into a neutron and anti-neutron, which leave no track. The 
anti-neutron goes on to annihilate with another proton in the 
chamber, producing a “star” of mesons (on the right), 











Physics has placed immense power into force? Asking it like this we surely Yukawa considered the relation just 
a the hands of technologists; its achieve- imply that the electric force is caused by mentioned—between the electric field 
ments—from the transistor to the atom something more basic, and it is of surrounding a charged particle and the 
pomb—have decisively shaped our age. course possible that such a something photon which that particle can emit on 
SCH But has it given us a deeper under- will one day be discovered. Indeed you changing its state of motion—and 
sanding of the materials and forces will find it stated that “the electric force realised that the analogy could be 
which it has taught us to control so can be described by the exchange of extended to another of the fundamental 
+ the effectively? We have learnt that in each virtual photons”. In other words, the forces. He predicted the existence of 
| atom there are electrons surrounding a attractive or repulsive force between all particles which have since been found 
Gre | nucleus: but what are these electrons charged particles is, as it were, “carried” and are now known as z-mesons, or 
made of, and what causes the attraction by another particle—the quantum of pions. His starting point was the fact 
€ver | which the nucleus exerts on them? The electromagnetic radiation, or photon (see that the nucleons (that is, the protons 
orn? nucleus is made of protons and neutrons, Fig.2a). But this is not an explanationin and neutrons) in a nucleus are held 
we learn: but what are they made of, terms of something more basic: photons together by a strong force—the 
ania and what is holding them together? are merely another manifestation of the “nuclear force’—which falls off with 
The | Indeed today we know of 30 different electric field. The phrase in quotation distance much more quickly than accord- 
nthe | particles smaller than atoms; are they marks is not very profound: it merely ing to the inverse square law which holds 
ent) really fundamental or do they consist states a relation between two aspects of for electric forces (see Fig. 2b). Yukawa 
of smaller units? And what is the a well-explored subject, and incidentally showed that such a force, with a range 









nature of the forces by which they act 
‘on one another? ‘These are some of the 
‘most urgent, yet unanswered, questions 
physics today. 

| Let us take a closer look at one of 
these queries: what causes the electric 


one that is often useful in solving actual 
problems. 

The search for similar relations be- 
tween forces and particles is one of the 
main features of present day research 
in nuclear physics. As long ago as 1935 




















r, should give rise to particles of mass 
h/2zrc (h=Planck’s constant, c=speed 
of light), or of about 3 x 10-2°gm, 
about 300 times the mass of an electron. 

So when the existence of such 
“mesons” was discovered in 1948 in the 
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force partly “carried” by exchange of x-mesons ; dropping 
sharply to zero at a distance, it is strongest at about 10-'* cms, 
then becomes a repulsion at very close approach. ay illustrates 
two of the possible decays governed by the w nteraction. 







_Fig.2. The three fundamental forces a Nato particle inter- 

actions. (2a) shows the electromagnetic force between charged 
a Particles: “carried” by the exchange of photons, it drops off 
with distance by the inverse square law. (2b) shows the strong 
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cosmic radiation, it was at first thought 
that nuclear forces were now understood, 
as much as electric forces could be said 
to be understood. But there were com- 
plications. The attraction between 
nuclei was not found to increase with 
decreasing distance in just the way that 
Yukawa’s theory demanded. There was 
evidence that at very close approach the 
attraction changed to repulsion. As a 
result it looked as if each nucleon had 
a “hard core” about 5 x 10 ‘cm. in 
diameter. 

Well, why not? After all, it was 
chiefly mathematical convenience that 
had induced the theoreticians to treat 
particles as point centres of force, with- 
out any extension in space. Indeed they 
had never been able to carry that idea 
through completely: as you approach a 
point any force that emanates from it 
approaches infinity, and hence most cal- 
culations diverge—that is, give an 
infinite result if you carry them out for 
a true point particle. Yet to consider 
a nucleon as having a “hard core”, like 
a little steel ball, seems a backward step ; 
atomic theory had taught us that a steel 
ball is a system of many atoms, balanced 
by a complex interplay of forces. There 
is no indication that nucleons are 
clusters of much smaller particles. If 
on the other hand we assume that they 
are simple but yet possess extension (that 
is, that they are not point charges) we 
run into other difficulties which the 
mathematicians have so far been unable 
to overcome. 


The particles classified 

Now let us take a look at the other 
particles. We have mentioned photons, 
protons, neutrons, electrons and pions; 
but that is by no means all. There is the 
elusive neutrino which, like the photon, 
travels at the velocity of light and has 
no intrinsic mass; indeed it seems to 
possess no properties other than spin— 
a massless, chargeless, disembodied spin. 
There are the p»-mesons (muons) some- 
what lighter than the z-mesons, and 
K-mesons over three times as heavy. 
And we know six different kinds of 
hyperons, particles heavier than nucleons. 
Furthermore, to each particle there 
exists an antiparticle, having opposite 
electric and magnetic properties. The 
current list includes 30 in all (see Fig. 3). 

To many physicists this list is embar- 
rassing. Although there are many signs 
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of order and symmetry among the various 
particles, there are too many gaps and 
arbitrary features. 


So where do we go from here? How 
can we find the fundamental patterns 
which we believe must lie behind this 
table of particles? In the first place we 
study the various species of particles in 
the way a botanist does: we observe and 
attempt to classify their properties—their 
respective masses, their spins, their 
magnetic properties, the forces by which 
they interact with each other, and the 
multifarious ways in which they trans- 
form themselves spontaneously. These 
studies, carried out with cosmic rays and 
the great particle accelerators over the 
last few years, have given a prodigious 
wealth of detail which is still very 
incompletely understood, and which is 
growing at an increasing rate. However, 
the following general picture has 
emerged. 


To take the spins first, we find that 
some particles—all those in the two 
right-hand columns of the table— 
possess momentum of 4$h/27, where h is 
Planck’s constant. They can never lose 
that spin because the laws of quantum 
theory do not allow any object to change 
its angular momentum except by a whole 
number of h/27. 


We can now classify these spinning 
particles by their masses, and we find 
two main groups—the baryons and the 
leptons. The baryons, which include the 
proton and neutron (nucleons) and all 
the heaviest particles, total eight in 
number (not counting their anti- 
particles). At the other extreme of the 
mass scale are the light leptons—the 
neutrino, the electron and the p-meson. 


In between on the mass scale we have 
the group of particles which do not 
possess any spin—the mesons. These 
include the z-mesons, or pions—the 
particles or quanta of the nuclear force 
which Yukawa  predicted—and the 
heavier K-mesons. The K-mesons were 
not predicted, but were found first in the 
cosmic radiation. They can now be made 
to order in the big accelerators and are 
being intensively studied. Some people 
think that they may be connected with 
the repulsion that sets in at very close 
approach between two nucleons (the 
repulsive “core”) somewhat as the nuclear 
attraction at close approach is connected 
with the pions. 


The strong force 

This nuclear attraction provides a 
further basic way of classifying the 
particles. Most of the 30 particles 
interact strongly at close approach; this 
is the so-called “strong force” which js 
about 100 times stronger than the electro. 
magnetic force which acts between 
charged particles. A special case of this 
strong force is the nuclear force which 
acts between and binds the nucleons in 
the nucleus. The particles which do not 
exert these strong forces on _ other 
particles are the photon and the leptons; 
that is, all those particles in the table 
which are not enclosed in square brackets, 


These strong interactions are one of 


particles 
anti particles 


particles which are their 
own anti particles 
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Fig. 3. The table of elementary particles, 
classified horizontally into bosons (obeying 
Bose-Einstein statistics) and fermions 
(Fermi-Dirac statistics), and by electric 
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the mysteries of present day nuclear 
physics. One reason why it is so hard 
0 say anything definite about them is 
precisely because they are strong. The 
ysual approach in quantum theory is to 
proceed in steps, starting for example 
fom the motion of two non-interacting 
articles and then computing how that 
motion is perturbed by the force between 
thm. The next step starts from that 
perturbed motion, gives a better approxi- 
mation, and so on. This _ process 
converges pretty well when the force is 
weak so that the motion is only slightly 
perturbed, but for the strong forces it 
works very badly, and no better way of 
calculation has so far been found, 


except for some rather special cases. 

The perturbation method works quite 
well, however, for the electromagnetic 
forces which are about 100 times weaker. 
Hence electrons which are not affected 
by strong forces can be used to study 
the distribution of electric charge inside 
nuclei and even inside the nucleons. For 
this one has to use very fast electrons 
because what we are attempting is a 
sort of microsc«py ; and just as a micro- 
scope doesn’t resolve any objects smaller 
than the wavelength of light, so the way 
an electron beam is scattered on passing 
through matter will reveal nothing about 
details smaller than the wavelengths of 
the electrons used. That wavelength is 

































































charge— +1, 0, or —I. 
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Vertical classification is by rest 
mass (small figures). The anti-fermions, with opposite charge 
and magnetic properties, are shown as a mirror image of the 
fermions, the mirror plane lying between the two columns. 







(for electrons with energies of a few 
MeV or more) approximately 10-?°cm. 
divided by the energy in MeV; so at 
least 1,000 MeV are needed to get down 
to details of the size of the repulsive core. 

This is not electron microscopy in the 
usual sense since we are not trying to 
see individual nuclei; the art of focusing 
electrons so as to form a sharp enlarged 
image still falls short even of showing 
whole atoms. All we do is to fire a 
narrow beam of electrons through a 
carbon plate (if we want to study the 
charge distribution in a carbon nucleus) 
or through a thin-walled bottle of liquid 
hydrogen (if we want to study protons, 
that is hydrogen nuclei) and then measure 
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The anti-bosons are also mirror images of the bosons with the 
mirror on the central line, but here the “reflection” must 
be superimposed ; thus particles on the central line are their 
own anti-particle. For further classifying properties, see text. 
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the angular distribution of the electrons 
that have been deflected. The rest is 
computation. 


Nucleon structure 


This work has revealed recently that 
protons do have a_ structure (see 
“Neutrons and Protons”, DISCOVERY, 
May 1961). About half the charge is 
contained in a small volume—the size 
of the “repulsive core” or smaller—while 
the rest is distributed as a more diffuse 
cloud around it (see Fig. 4). Something 
like this had been expected; Yukawa’s 
theory implied that the proton should be 
surrounded by an “atmosphere” of virtual 
mesons—that is mesons which emerge 
into existence for brief instants, to be 
reabsorbed at once—carrying part of its 
charge. But between protons and pions 
there are strong forces, so one does not 
yet know how to calculate the pion cloud 
quantitatively. Attempts to do so will 
no doubt be redoubled, now that there 
are observations to compare with. 

The electron scattering measurements 
are also compatible with the idea that 
the neutron contains the same kind of 
core, but surrounded by a negatively 
charged cloud of virtual pions which 
cancel the charge of the core (see Fig. 5). 
In a sense one might thus consider the 
nucleon as composed of a core with half 
a proton charge and either a positive or 
a negative pion cloud around it. But we 
must remember that particles with half 
a charge have never been seen and pro- 
bably do not exist. The structure of the 
nucleon is something much more subtle 
than, say, that of a hydrogen atom which 
we can take apart, displaying the proton 
and the electron of which it is made. 

The fact that all but a few of those 
30 particles are unstable may make one 
think that they are composed of smaller 
parts. Indeed it would be nice if this 
were so, if we could explain the 30 in 
terms of a few truly “fundamental” 
particles. But in fact the particles we 
know have several alternative ways of 
“breaking up”; so this doesn’t give any 
clear indication of their structure. For 
instance, the Lambda (A) can transform 
itself into a neutron and a neutral pion, 
or a proton and a negative pion, or a 
proton, an electron and an anti-neutrino 
(see Figs. 6 and 7). Each of these com- 
binations could lay claim to representing 
the structure of the particle. Similar 
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ambiguities exist for the other unstable 
particles, and there appears to be no 
plausible scheme whereby from a few 
truly fundamental particles all the others 
could be built up. 

But could they perhaps be built up 
from some hypothetical particles which 
themselves are never observed? Here, 
of course, is wide scope for speculation. 
It might seem attractive to identify those 
hypothetical particles with the well 
defined properties of the known ones, for 
instance by surmising that an electron 
is a charge-as-such (hypothetical) com- 
bined with a spin-as-such (which may be 
the neutrino). One would need some 
five or six such hypothetical particles— 
carrying electric charge, “nucleonic” 
charge, odd parity, spin and strangeness 
—to construct the ones we know. Still, 
five or six is better than 30. But it 
would be difficult to explain why those 
hypothetical particles are never seen 
(except perhaps the neutrino). 

It may seem surprising that I have 
said so little about the masses of the 
particles, many of which are known quite 
accurately. But as clues they are not 
very usefui at present. It might be 
thought that if a particle A is composed 
of B and C its mass would be the sum 
of the masses of B and C. But actually 
it has an additional mass of E/c? 
(c=velocity of light) if the energy E is 
liberated when A breaks up into B and 
C. This may be a large part of the mass 
of A. But A can also be lighter than 
B+C—even very much lighter—if 
energy is required to break it in two. 
So the mass of a particle is no guide to 
its possible structure. 

Still, the way the masses are grouped 
in the table of particles is suggestive. The 
proton and neutron differ by only one 
part in 700—by 2°5 units (electron 
masses)—while the next baryon, the A, 
is about 350 units heavier. Then we 
have the groups of three Sigma particles 
—sSt, =° and S—again only a few 
units apart, and then again the group of 
two Xi particles—the —=2° and =. 

It is plausible to think that the small 
mass differences in each group are due 
to the energy of the electric field, caused 
by the differences in electric charge and 
in its distribution within the particle. 
Perhaps all the three Sigma-particles have 
once again a common core, surrounded 
by different meson clouds. The much 
larger mass differences between the four 
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Fig. 4. The charge structure of the proton. 
Now believed to consist of a “repulsive 
core” surrounded by a cloud of virtual 
positively-charged mesons (p!us pions), the 
charge falls off as shown in the 
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Fig. 5. The charge structure of the neutron. 
With a core charge similar to the proto, 
the neutron is believed to be surrou 

by a cloud of negatively-charged virtud 


pions which cancels the positive core) 
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Fig.6. The decay of a Lambda particle. A K-meson enters a bubble chamber (top of 
picture) and interacts with a nucleus in the chamber at the head of the arrow. One 
product is a Lambda particle, which leaves no track. _The Lambda then decays to a 
proton (thick short track) and a negative pion (curving track off to bottom left). 
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Fig. 7. The Lambda particle, like most others, can decay in several different ways. 
The three possible decay modes are diagrammed here: the one on the right—into 
three different leptons—is very rare. The centre mode is the one shown in Fig. 6. 
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groups—the nucleons, the Lambda, the 
Sigma and the Xi particles—must be 
ascribed to differences between the 
respective cores. Indeed the Lambda and 
the Sigmas—both with electrically neutral 
cores—are closer together in mass than 
they are either to the nucleons or the 
Xi’s, with positive and negative cores 
respectively. Similarly the K-mesons 
may have a core charge +4 like the 
nucleons. 


‘sStrangeness” 


The physical significance of this core 
charge (or hypercharge as it is sometimes 
called) is borne out by the fact that it 
is conserved in collisions—that is, the 
total core charge before and after the 
collision is the same. For instance the 
core charge +4 of a proton cannot be 
changed to the value 0 for a Lambda 
when the proton is hit by a pion; a 
particle with core charge +4—for 
cxample, a K-meson—has to be formed 
as well. Experiments have shown many 
processes of particle formation where this 
rule is obeyed, and none where it isn’t. 
Yet the spontaneous decay of a Lambda 
into a proton and a pion violates that 
rule, and so does the decay of a K-meson 
into two or three pions. However those 
decays take about 10-'° sec., a long 
time on the subatomic scale; clearly the 
rearrangement of core charge is a slow 
and painful process, not to be done during 
the 10-2? sec. or so of a collision. 

This rather crude picture of a core- 
charge conservation can be reformulated 
in other ways, some of them of great 
mathematical sophistication and hence 
attractive to the theoretical physicist. 
One rather simple way defines a quantity 
S=2C —n, where C is our core charge 
and n is 1 for baryons and 0 for all 
other particles. This definition is chosen 
because S is zero for the “ordinary 
particles”, that is nucleons and pions, but 
not for the “strange particles”, the 
K-mesons and hyperons. But whether 
we talk of the conservation of the 
“strangeness” S or of the hypercharge C 
makes no difference in practice. 

So far we have rather ignored the 
leptons. As we have seen, they are 
unaffected by the nuclear force and pro- 
bably have no core-and-cloud structure. 
The electron and muon possess an 
electric charge and are thus affected by 
electromagnetic fields. But even the 
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Fig. 8. Electrons can spin both to the left (anti-clockwise) or to the right : they can 


therefore be reflected in a mirror. 


Neutrinos are only left-spinning—their mirror 


image is therefore not a right-spinning neutrino but a right-spinning anti-neutrino. 
This is one result of the parity non-conservation which enters into weak interactions. 


“disembodied spin” of the neutrino is 
not completely aloof from all inter- 
actions. or else we should never have 
discovered its existence. 


The weak force 
and parity 

The reason for this is that leptons znd 
baryons possess what is commonly called 
“the weak interaction”. Its best known 
manifestations is the decay of the neutron 
into a proton, an electron and an anti- 
neutrino—usually called f-decay (see 
Fig. 2c). This may happen either to a 
free neutron or, more commonly, in a 
nucleus with excess neutrons. We know 
the laws of this process very well, but 
they are very strange and quite apart 
from the rest of physics. For instance, 
in all these §#-like processes (which 
include the decay of the pion, the 
K-meson, the Lambda, and so on) an 
otherwise well-established and funda- 
mental law of nature is set aside: the 
law of the conservation of parity. In 
simple terms, the law of parity is equiva- 
lent with the statement that all basic laws 
in the universe are left-right symmetrical : 
a left hand is paired by a right hand, 
a left spinning electron by a right spin- 
ning one. Since a left hand viewed in 
a mirror reflects into a right, this is much 
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the same as saying that if any event can 
take place, the corresponding event 
viewed in a mirror is also a physically 
possible one (see Fig. 8). This mirror 
symmetry principle is not only a 
satisfying concept—it is known to hold 
for all strong and electromagnetic inter- 
actions. In January 1957, however, 
experiments showed that it does not hold 
for weak interactions; for instance, in 
decaying a neutron will always emit a 
right-spinning anti-neutrino, never a left- 
spinning neutrino. It is tempting to think 
that the interaction—some 12 powers of 
10 weaker than the electromagnetic inter- 
action—is so weak because it is somehow 
compelled to circumvent the law of 
parity conservation ; but why it should 
be so compelled we don’t know. 

Are there still weaker interactions? 
Yes, there is one that is utterly insignifi- 
cant on the atomic scale, but powerful 
enough to govern the motion of those 
large lumps of matter on one of which 
we live: the force of gravity. Indeed 
it has been speculated that the #-inter- 
action might be a link between gravity 
and the strong forces of the subatomic 
world. 

To conclude: we have a great many 
facts about fundamental particles, and 
tantalising glimpses of the pattern they 


may form; but there is still a grey 
deal we do not know. We are working 
on a great crossword puzzle without 
knowing the shape of the diagram, guided 
by a belief in its ultimate beauty ang 
symmetry ; and of the large number of 
clues—of which I have mentioned only 
a few—some are misleading because 
measurements sometimes go wrong. New 
clues keep coming in, often overthrowing 
conclusions we had come to believe jn. 
We are not even sure how best to define 
“a particle.” For instance, a pion of 
200 MeV energy, on striking a nucleon, 
can form a temporary union with it, with 
a well-defined mass though with a rather 
brief life (about 10-21 second). Should 
we consider this as a different particle 
or merely as an excited state of the 
nucleon? Atoms are known to be capable 
of existing for appreciable times in 
excited states ; could not nucleons do the 
same? Indeed it is the current practice 
to consider the union between a proton 
and a 200 MeV pion as an excited 
nucleon; but then why do we not 
consider the hyperons also as excited 
nucleons? Admittedly they live much 
longer (about 10-!° second); but atoms 
too possess long-lived excited states. 
Recent evidence from Berkeley indicates 
the existence of a short-lived Omega- 
particle which transforms itself into 
three pions; but could it not be regarded 
as a highly excited pion instead? At 
present we just do not know how to 
decide whether two particles are really 
different or whether one is just an excited 
state of the other. 

On top of all these difficulties, we are 
trying to unravel the facts with math- 
ematical tools which do not really fit the 
job. We pretend that a particle is a 
mathematical point, surrounded by 4 
field of force, and then have to resort 
to dubious mathematical tricks in order 
to get results that can be compared with 
the experimental facts. Many physicists 
think that what we need is a new wave 
equation, a “non-linear” one whose 
solutions cannot be scaled up or down 
at will but which has a fundamental 
unit of length built into it. Heisenberg 
has constructed such an equation, and 
some of its solutions are similar to the 
particles which we find in nature; but 
the equation is very difficult to handle, 
and it is too early to say whether it 
will bring the break-through we are all 
waiting for. 
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Autoxidation of Fats 


Fats oxidise readily. It is good in a way that 
they do so for it makes them a useful source of 
bodily energy. It is not so good in another 

for it makes them prone to rancidity and other 
unpalatable oxidative changes. It is important 
then to try to restrict oxidation to its beneficial 
role, but one cannot do this effectively without 
some understanding of the mechanics involved. 
Early efforts to acquire this understanding 
culminated in Farmer's hypothesis of a 

free radical reaction, leading to attack at a 
methylene group adjacent to a double bond 
and the formation of a hydroperoxide. 

Such compounds have since been isolated and 
identified, in support of the hypothesis. 
Hydroperoxides are labile substances, 
however, and in normal circumstances they 
react further—possibly again by free radical 
mechanisms—to form either innocuous 

hydroxy compounds or obnoxious carbonyls. 
Mechanisms have been postulated, but the 
conditions under which one or another will 
operate have not been determined satisfactorily. 
These are matters of increasing importance 

in present world economy. Unilever is probably 
the largest single user of fats so, in 

Unilever Research, Crossley and his colleagues 
are working to resolve the problems that 
remain; studying model systems, relating 
cause and effect, and establishing conditions 
for stability of the many types of fats 


which Unilever use. 


Ap UNILEVER RESEARCH 
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Fig. |. A radiograph revealing about a dozen Harris’s lines in the distal half of a 
tibia. Silt has obscured the lines in the proximal half. (Radiograph: Ilford, Ltd.) 


A new approach to 
ancient disease 


CALVIN WELLS 


The transverse lines revealed in bones by radiography are known to 
represent periods of arrested development during childhood. The 
author has recently used these lines to study health and disease in 


ancient populations, and to conjecture on their social implications. 


I recently had the good fortune to come 
across a very fine example of leprosy 
among a group of Anglo-Saxon inhuma- 
tions. When the leg bones were X-rayed 
to study the internal details of their 
pathology I found that both the tibiae 
showed a series of calcified zones lying 
transversely across the shaft of the bone 
—about 10 in each. These zones have 
been known for more than 60 years; 
they are usually referred to as Harris’s 
lines and are produced by the interrup- 
tion of linear growth as a result of some 
noxious process affecting the bone (see 
Figs. 1 and 7). This process is usually 
a disease, especially of a febrile type, 
but it may also be an episode of general 
starvation or the deficiency of some par- 
ticular and essential ingredient of the diet. 
The Harris’s lines in this pair of tibiz 
had almost certainly resulted from a 
variety of conditions and possibly none 
of them was due to the leprosy which 
presumably caused the death of this 
young man. 

These lines, which may be found in 
any of the long bones, can only be laid 
down during childhood and early adoles- 
cence. They are the direct result of inter- 
ference with the longitudinal growth of 
the bone and when the bone has stopped 
growing, that is when the detachable caps 
or epiphyses at each end of it have fused 
with the shaft, they can no longer be 


produced. They vary greatly in appear- 
ance: some are dense and thick, extend- 
ing right across the shaft, others appear 
on the radiographs as faint wisps of 
shadow sometimes reaching no more than 
a quarter of the way across the bone. 
What is especially important about them 
is the fact that, except in certain rela- 
tively rare circumstances, they are per- 
manent. And it must be stressed that 
they can normally only be detected radio- 
logically: the bones in which they are 
found give no other hint of abnormality. 

If, then, we find a dozen Harris’s lines 
in the X-ray of a thigh bone this means 
that we are looking at a record of a 
dozen morbid processes which affected 
the individual during his growing years. 
We can use them to compare the dif- 
ferences in the amount of disease suf- 
fered by different individuals. This is 
interesting but we can go much further. 
By X-raying all, or a good sample, of the 
individuals in an early population we 
can very easily find the average number 
of lines that each person developed. 
Comparing this average for different com- 
munities gives us a measure of the 
amount of morbidity to which each group 
was subjected during childhood and early 
adolescence. The result of doing this 
for six populations is shown in Table I. 
The differences are remarkable and, 
because pathology is never randomly pro- 
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duced, they need to be explained in terms 
of living conditions, environment, diet, 
occupation and similar factors. 

There is a great deal of difference 
between the mode of life of some of 
these populations. The Bronze Age 
people were probably herders living in 
small family groups and leading a semi- 
nomadic pastoral existence on a small 
circuit of changing pasture. They are 
likely to have been well supplied with 
milk and protein and lived in a period 
of good climatic conditions. The Pagan 
Saxons of Thornham lived at a time of 
unsettled social conditions on a basically 
agricultural economy which was probably 
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fig.2. The percentage of the total number of Harris’s lines that occur at each age 
between 2 and 16 has been calculated for two Anglo-Saxon populations. The graph 
shows the difference in distribution of illness according to age. The continuous line 
represents the Burgh Castle settlement, and the dotted line a settlement at Caister. 


not very efficient and may well have 
been subject to regular food shortage in 
the late winter and spring. Similarly, 
differences exist for the other populations 
and are sufficient to account for varia- 
tions in the amount of childhood illness. 


Technique 

Any long bone can be used but in practice 
the tibia is found to be the best. It is 
important to select the right film and 
exposure—“Ilfex” proved to be an ideal 
choice and an exposure of 70 kilovolts, 
20 milliamps for two seconds at 43 inches 
suited a large number of tibiz. 





SITE 


Average number 


PERIOD of lines per bone 





Crichel and Shrewton 
Shouldham 
Eriswell 
Burgh Castle 
Thornham 


Caister-by-Yarmouth 








Bronze Age 


Early Saxon 
Early Middle-Saxon 
Early Saxon 
Early Middle-Saxon 


0:8 
1-6 
2°1 
2°6 
3°4 
5'l 


Medieval 
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Age distribution 


Because these Harris’s lines are formed at 
the junction of the main shaft of the 
bone with the unfused epiphysis the final 
distance of any line from the end of the 
bone indicates the length of the shaft at 
the time it was laid down. From this 
we can estimate how old the child was at 
that time. In other words we not only 
have a series of unsuspected illnesses 
revealed to us but we can also say at 
what age they occurred. There does not 
appear to be any other technique which 
can give a similar diachronic or perspec- 
tive view of a person’s health. If the 
total number of these bone scars found 
in a population is counted and the age 
at which each one occurs is determined 
it is then easy to calculate what percent- 
age of the total morbidity of the group 
fell in each separate year of age. 

This has been done for the Burgh 
Castle and the Caister folk and the results 
are shown in Figure 2. It will be seen 
that not only is the total amount of 
childhood morbidity different (which we 
found from the average line count) but. 
the distribution of the diseases is quite 
distinct in the two groups. In the first 
nine years of life the Caister children 
consistently get a much higher propor- 
tion of their total morbidity than do the 
Burgh Castle population. The latter 
reach their peak of disease later in child- 
hood and it is higher when it comes. 
Throughout the second half of the grow- 
ing period they have more of their total 
illness afflicting them. The high peak 
during their 11th year, when almost a 
fifth of all their diseases occurs, is an 
interesting discovery but one of unknown 
significance. The fall at seven years in 
both populations is also a curious feature 
which raises unsolved problems. Per- 
haps, however, it is unwise to be too 
precise in assigning an exact age to any 
line. If so, a simple grouping of all bone 
scars into three lustra can be made and 
strikingly reveals the difference in distri- 
bution between the two peoples. Mr 
Charles Green, who excavated both sites, 
suggests that the Burgh Castle folk may 
have had more milk in their diet during 
the early years of life and that this gave 
them some protection. This may be so 
but it remains uncertain. There is no 
doubt, however, that the Caister group 
lived in a compact and seemingly squalid 
little village close to the water’s edge of 
the Yare estuary and the general impres- 
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sion given by the site is one of marked 
poverty. Perhaps overcrowding and bad 
hygiene led to the high rate of disease. 


Sex differences 


So far we have combined males and 
females in all these observations. It is 
interesting to see what happens when we 
separate the sexes. The first result of 
doing this shows that the total childhood 
morbidity as determined by the average 
number of Harris’s lines present is not 
significantly different between the sexes in 
any of the populations examined. But 
when the percentage of illness falling in 
each year of life is plotted, as in contrast- 
ing the Caister and Burgh Castle people, 
we find that although the total amount of 
morbidity may be almost identical its 
distribution is by no means the same for 
the girls as it is for the boys. Figure 
3 gives the result of doing this for the 
Caister group. It shows that during the 
first six years of life the girls, with 36%, 
get a much higher percentage of their 
total illness than the boys do, with only 
25%, but that towards the end of the 
growing phase much less remains to affect 
them—only 2°5°/, as against 10% for the 
boys during the last four years. This 
contrast between the two sexes is remark- 
able and again it is tantalising not to 
know more about the underlying cause. 
Hippocrates in his Epidemics records the 
sexual difference in the incidence of 
mumps which affected the boys more 
often than the girls, and he tells us that 
it was specifically associated with those 
who congregated in the gymnasia, while 
TABLE 2 


the girls led a more home-bound and 
isolated life. No such ready explanation 
offers itself for an Anglo-Saxon commu- 
nity of the kind now being considered. It 
must be stressed that although a Harris’s 
line reveals that some morbid process 
interrupting growth has occurred it gives 
no clue at all about the nature of the 
event. We cannot differentiate one 
disease from another according to the 
appearance of the lines and there is no 
simple way of deciding which were the 
diseases from which these populations 
suffered. Even so it is not easy to believe 
that the actual diseases affecting the 
children were significantly different for 
the two sexes. Perhaps the most likely 
explanation is to be found in terms of 
the social structure of these people. In 
strongly patriarchal societies such as these 
it may well have been that the boys were 
valued more highly than the girls and 
that they had in consequence first pick 
of the food, especially perhaps in times 
of shortage, while the girls had to make 
do with their brothers’ leftovers as well 
as being to some extent the over-worked 
drudges of the household. Whether any 
occupational differences such as crop 
tending, shore fishing and the like played 
a part in this tendency for the girls to 
get their diseases early can only be a 
matter of speculation. 

It is implicit in the argument that this 
technique of studying bone scars yields 
information which is impossible to obtain 
in any other way. It is difficult, therefore, 
to correlate our findings with other patho- 
logical manifestations. All the more so 
because most of the abnormalities found 
in the bones of early populations are the 























GROUPS WITH AVERAGE NUMBER OF 
SITE 

LINES <2 CARIES <2% 
Crichel and Shrewton 0-8 0:0 
Thetford, Red Castle 1-8 1-5 

LINES <2 CARIES > 2% 
Thorp , St. Catherine 2.2 39 
Thetford, St. Mary 3°6 2:2 
Caister-by-Yarmouth 5°I 2-9 
Shouldham 1-6 7.4 














result of processes taking place in ady} 
life whereas the Harris’s lines are only 
produced during the growing period. By 
some rather tentative conclusions ar 
possible in the case of dental disease 
The frequency of Harris’s lines in a popy. 
lation is an indication of the general 
morbidity affecting its individuals jp 
youth. Dental caries may also te 
thought of as in some degree associated 
with the overall standard of health, 
Hence we might reasonably expect to find 
some positive relationship between a high 
number of lines and a high rate of caries 
Table 2 shows that although there is no 
point by point correlation there is some 
broad agreement between these two fea- 
tures in five of the six populations 
examined. 

The breakdown of the general picture 
in the case of the Shouldham group may 
be due to local peculiarities in the water 
supply, diet, or living conditions. Equally 
it may be that the apparent trend shown 
by the other five is illusory and the study 
of further populations may reveal many 
more examples of the Shouldham type 

I have already mentioned that the total 
morbidity of the boys and girls at Caister 
is almost identical. This being so we 
might expect, if the dental condition in 
ny way reflects the state of health, that 
the caries rate for both sexes would be 
very similar. In fact, the males are found 
to have 1.9% of carious teeth, the 
females 5°/—two and a half times as 
much. This difference is statistically sig- 
nificant and invites conjecture about its 
cause. It is possible, as hinted above, 
that some dietary discrimination between 
the boys and girls existed throughout 
childhood. If the meat was ever in short 
supply we can imagine that the future 
warrior of the family was given more of 
it than his sister who may have been 
restricted to more purely farinaceous 
meals. The extreme and almost univer- 
sal attrition of the teeth dispels, however, 
any notion that the girls were reared on 
a diet of “porridge” or similar soft food 
I think the real cause of this considerable 
difference in the dental caries rates is 
more likely to result from the fact that 


the girls had about two fifths of all their } 


diseases before the age of seven yeals 
(see Fig. 3): during the precise period, 
that is, when the formation of the teeth 
in the jaw is most active and therefore 
when their development is most sensitive 
to adverse influences. In contrast to this 
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adult { the boys, with their lower morbidity rate 
Only | jn early life, are better able to consoli- 
- Bu} date their dental formation before their 
S are main impact of illness attacks them dur- 
Sease, ing the middle years of childhood. 
Popu- 
neral | age at death 
ls in} 1, Table 3 is shown the mean age at 
. be death of those adults who survived to the 
lated age of 18 or more. These results are 
calth exceptionally interesting because they 
. find show that a group such as Caister with 
high its high morbidity rate still possessed 
aries. enough biological resilience or vital 
pole recuperative power to arrive at the end 8 9 fo ou 
- of the growing period apparently just as AGE IN YEARS 

sound constitutionally as populations  Fig.3. The technique employed in Fig. 2 is used to show the different distribution in 


ntbons which we now know to have been much _ illness between the sexes at Caister. The dotted line represents the females and the 
healthier in their early years. In the continuous line represents the males. Patriarchy may be a cause of the differences. 
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absence of skilled medical knowledge this 
is a result which could hardly have been 
anticipated. Although this parity in the 
mean age at death is found between dif- 
ferent groups, when a single population 
is examined we find that there is a posi- 
tive correlation between the individual 
age at death and the number of lines 
(see Fig. 5). But the coefficient of cor- 
relation is only about 0.5 and if we 
remove the few individuals in the top 
right corner the picture becomes one of 
almost random scatter. Dare we infer 
from this that these few individuals are 
the ones whose bone scars were produced 
by precisely those diseases of childhood 
—such as rheumatic fever—which do 
tend to result in severe constitutional 
impairment? 

Although Harris’s lines are the result of 
arrested bone growth no correlation was 
in fact found between individual stature 
and the number of lines. But I believe 
this is simply due to the masking of the 
effect by the wide range of normal sta- 
ture variation in these Anglo-Saxons and 
to the small numbers available. In view 
oa of this it is somewhat surprising to find 
re that the intermembral index, which is the 
pate arm length expressed as a_ percentage 
of the leg length, does show a positive 
correlation and one which appears 
to be due to post-natal relative retarda- 
thei tion of leg growth compared with 
yeat the arm which is less affected by adverse 
riod processes (see Fig. 6). 

In view of the fact that some stunting 
am of leg growth seems to be detectable we 
sitive may wonder what other effects frequent 


y this = np produce = the developing Fig. 4. Part of the Early Saxon burial ground which has been excavated at Thornham, 
nd limb. If it is denied its full linear Norfolk. (Photo: Hallam Ashley. Courtesy of the Norfolk Research Committee.) 
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AGE AT DEATH 





NUMBER OF HARRIS'S LINES 


25 20 64 65 66 


INTERMEMBRAL 





NUMBER OF HARRIS'S LINES PRESENT (x) 


67 68 69 70 71 72 73 7% 


INDEX (Y) 


Fig. 5. Ascattergram showing the correlation between ageatdeath Fig. 6. The number of Harris’s lines plotted against the Inter- 


and the number of Harris’s lines present in each individual at 
Caister. The heavy dots are for males, the light dots for females. 


expression is it also adversely affected in 
its general development? The prominence 
of the ridges for muscle attachment gives 
some measure of all round robustness 
and might help to answer this question 
but its assessment is too subjective to 
be used with safety. Fortunately more 
objective methods are available. Various 
“indices of robustness” have been devised 
most of which relate circumferential or 
thickness measurements of the bones to 
some estimate of their length. The 
material from Burgh Castle and from 
Caister was tested in this way by express- 
ing the mid-shaft antero-posterior plus 
transverse diameter of the femur as a 
percentage of its “functional” length and 
plotting the result for each individual 
against the number of Harris’s lines. No 
correlation between the two was found 
and the inference here is that the general 
sturdiness and muscular development of 
these limbs was able to continue unaffec- 
ted by any illness which retarded the 
linear growth or, at least, if any inter- 
ference with the musculature took place 
it was fully compensated once the 
noxious process had abated. As, how- 


ever, it was felt that this was an impor- 
tant point a second test was devised. 

In the normal course of bone growth 
a further mechanism plays a part as well 
as the simple laying down of new bone 
from the epiphyseal caps. This other 
mechanism is a combined process of 
medullary absorption, whereby bone is 
removed from the marrow cavity out- 
wards, and sub-periosteal deposition, in 
which it is built up around the outermost 
part of the shaft. In this way the slender 
bone of a young infant is gradually 
thickened peripherally while it is eroded 
internally until the adult dimensions are 
achieved. The balance of these two pro- 
cesses produces the final relationship 
between the total external thickness of 
the shaft and the diameter of its internal 
marrow cavity. 

It is known from X-ray studies of liv- 
ing bone that in powerfully built people 
who use their limbs strongly—keen rug- 
ger players, for example—the cavity of 
the bone is relatively narrow, the osseous 
wall correspondingly thick. In non- 
athletic, sedentary individuals the bone 
wall tends to be thin around a wide 


membral Index (the arm length expressed as a percentage of the 
leg length) shows a positive correlation between the variables. 


cavity. The relationship here is broadly 
a measure of the stress to which the bones 
are subjected and of the resulting mus- 
cularity of the limb. It is possible on 
a radiograph to measure the internal and 
external diameters of the shaft and to 
express one as a percentage of the other. 
A man who is using his legs for heavy 
work may have a marrow cavity only 
a third of the total diameter of the bone. 
If the legs are little used the cavity may 
occupy more than 80°/ of the thickness 
of the shaft. I have called this relation- 
ship the “internal index of robustness.” 
In the Caister population it averages just 
over 50°/, for males and almost 60% 
for the women. In a group of 30 unsexed 
children’s tibiae the average is 56% and 
the range from 47°/ to 81%. 

Neither in the adults nor in the children 
was a positive correlation found between 
this index and the number of morbid 
episodes recorded. This is an interesting 
revelation of the capacity of the limbs to 
maintain their normal sturdiness un- 
affected by the various constitutional set- 
backs which afflicted the growing 
children and is yet another indication of 
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the substantial biological reserves and 
resilience which these populations had 
throughout the period of growth. It 
emphasizes still further the striking 
reversal of this feature once adult life has 
been reached. The early mean age at 
death of those individuals who survived 
beyond the age of eighteen implies a 
rapid general deterioration of health 
thereafter or a marked susceptibility to 
certain special diseases. Neither of these 
phenomena appears to be foreshadowed 
in childhood. 


further application 

There is no doubt that this radiographic 
study of skeletal material has great 
potentiality for detecting processes and 
patterns Of disease which would other- 
wise elude us. More communities need 
to be studied and it should be noted that 
the technique need not be restricted to 
man—Harris’s lines occur in other 
animals also. One of the difficulties of 
interpretation is to distinguish between 
lines caused by infectious or other 
diseases and those due to periods of 
famine. A study of populations known 
to be subjected to regular seasonal starva- 
tion may help to unravel some of these 
problems. Further correlations need to 
be sought between the bone scars and 
diseases such as rickets or syphilis which 
cause severe skeletal damage and yet are 
sufficiently common in some populations 
to be statistically rewarding—18th and 
19th century Londoners, for example. 
Studies of other body proportions might 
prove informative and much _ further 
work on the relationship of Harris’s lines 
and enamel hypoplasia is needed. 
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TABLE 3 


% individuals 
without any lines 


Average No. 
of lines 


Mean age 
at death 


Thetford, Red Castle 
Thorpe, St. Catherine 


39-2 
33°3 
10:7 


1-8 
2°2 
5:1 


33-9 
34°} 


Caister-by-Yarmouth 347 


Fig. 7. The proximal! end of a tibia showing six Harris’s lines. (Radiograph : Ilford, Ltd.) 
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Biorheology 


By applying the physical science of rheology—the study of flow and deformation—p 
living systems, biologists are getting fresh insights into such problems as blood flow 
and muscle contraction. 





Fig. |. All matter flows or deforms, given large enough forces and a sufficiently long 
time scale. The study of the forces and laws which governed the deformation of 
these rocks on the Pembrokeshire coast is now being applied to living systems. (Photo: 
Crown Copyright, by permission of the Director, Geological Survey and Museum.) 





Fig. 2. Flow in living systems is represented here by blood flowing in a very fine 
capillary system. The widest capillary shown in this photograph is about 1/30 mm. 
across. The capillary system is that of a living frog. (Photo: Dr. A. G. Sanders.) 
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Bertrand Russell has said that “a piece 
of matter is a series of occurrences bound 
together by means of certain of the lays 
of physics”. With some inanimate pieces 
of matter the “occurrences” make littl 
difference to the appearance of the object, 
always provided that temperature and 
applied forces remain moderate and that 
the time interval is not too long. One has 
only to dig up a Roman coin to be struck 
by the permanance of such things. And L 
yet, as Heraclitus remarked, “all things 
are in a state of flux”: all things, but 
living matter more than most. In modem 
times the study of the flow and 
change in shape of matter is generally 
known as “rheology”. Like mos - 
branches of physics, it is now being taken 
up actively by the biologists under th] fj 
name of “ biorheology ”. 
When forces are applied to material} lo 
bodies they tend to change their shape} si 
and volume. If. when the forces ary ar 
withdrawn, the old shape is re-established} (1 
we speak of elastic deformations of af pi 
solid. If, on the contrary, there is no} {c 
recovery, we speak of flow. The term] a 
“liquid” generally refers to a state inf n 
which there is flow even under the 
smallest applied forces ; but there are no} a 
hard and fast lines in these definition.) t 
Glass and pitch are solids for mos] 
ordinary purposes but liquids if we leave} a 
them under stress for long enough. Moun}; 
tains appear to be solid enough ; and yet 
they “flow before the Lord” for Whom] | 
“a thousand years are but asa day”. | « 
Although “ rheology ” means literally} | 
the study of flow, elastic deformation} 
are always included in its scope. In the 
rheology of living systems the time scale 
problem seldom arises since life is % 
short; unless indeed a eenalll 
sc 
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Fig. 3. These drawings illustrate the fundamentally different causes of elasticity. In the top pair a metal spring is shown in 
diagrammatic form—the circles represent atoms, the lines interatomic forces. When the spring is pulled (2) work has to be 
done in drawing the atoms apart against these forces. With materials like rubber (below) the elasticity is due to changes in 
entropy. Arrangements like those shown in C are more probable than B, and those in B more probable than A; that 


is, they have a higher entropy. 


methods are used which involve very 
short intervals. 


The Elements of Rheology 
Historically, the first quantitative rheo- 
logical measurements were made on 
simple elasti¢ bodies like coiled springs 
and long metal wires which Robert Hooke 
(1676) found to extend by an amount 
proportional to the applied load. Under 
load, energy is stored potentially as the 
atoms are held further apart than the 
normal equilibrium of forces would 
allow. Atoms cannot be drawn very far 
apart without breaking the material and 
this kind of elasticity can, therefore, only 
give large deformations by what is called 
an “accumulation of rotations ”, as when 
a helical spring is uncoiled (see Fig. 3). 
Materials like rubber are highly elastic 
for quite a different reason. Here, long 
chain molecules of hydro-carbon are free 
to rotate about their carbon atoms and, 
on stretching, are drawn out into 
extended forms which are much less 
“probable ” than are the more numerous 
coiled up configurations. When the load 
is removed they return, under molecular 
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bombardment, to shorter and more 
probable shapes. Probabilities are, in 
some ways, inconvenient quantities. If 
the probability of an event’s happening is 
p, and that of a second event p., then 
the probability of both events’ occurring 
is not p. + p. but p., x ps. The physicist 
usually prefers to work with entities that 
are additive, and this is true of the 
logarithms of probabilities, since log p, 
+ log p: = log (p.p.). The logarithms 
give a measure of what is called entropy, 
sometimes loosely described as the degree 
of disorder. Thus the elasticity of rubber, 
and probably also of almost all complex 
high-elastic materials, is not dependent on 
stored energy but on entropy changes. 


Another fundamental property which 
affects flow or change of shape is 
viscosity. In 1687 Isaac Newton first 
proposed “that the resistance which 
arises from the lack of slipperiness of the 
parts of a liquid, other things being equal, 
is proportional to the velocity with which 
the parts of the liquid are separated from 
one another”. The “lack of slipperi- 
ness ” is now called “ viscosity ” and it is 


In order to decrease the entropy (or pull out the rubber) some work must be done. 


known that the energy is dissipated as 
heat. 


Many industrial materials and almost 
all biological systems are more complex 
in their rheological behaviour than are 
steel springs or viscous liquids. Some 
behave visco-elastically, that is, they are 
essentially elastic in that they recover 
their shape when loads are removed, but 
the recovery is slow, being damped by 
viscosity. If we represent “ Hookean ” 
elastic elements by springs and “ New- 
tonian” viscous elements by pistons 
operating in cylinders containing viscous 
oils (called “ dashpots”’), the simplest 
visco-elastic body would be illustrated by 
a model (called after Lord Kelvin) of a 
spring and dashpot in parallel (see Fig. 5). 


A model consisting of a spring and a 
dashpot in series, called after Maxwell, 
represents elastico-viscous behaviour ; 
essentially liquid, since there is permanent 
flow, but also having a partial elastic 
recovery. A very common model consists 
of one Kelvin unit and one Maxwell unit 
joined together and this is called after 
the Dutch rheologist, J. M. Burgers. 
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Many forms of complex rheological should be known as “Biorheology.” that if a milk gel (junket) is compregseq as 
behaviour may be described in terms of In the human body we find all kinds for some time in one direction, then fo, 
models of this kind, though sometimes a of materials, from bone, which obeys a much shorter time in the opposite 
continuous spectrum of elements is Hooke’s law over a considerable range, direction, after which all forces are 
needed and it is the distribution of this to lymph which is almost a Newtonian removed, it will first recover fairly quickly 
spectrum which designates the material. liquid. Although living things are more from the second compression and then ea 
In other cases, models are not readily complex than inanimate matter and show after a pause, appear to “ remember ” jts 
applicable and other types of treat- some characteristic features not found earlier experience and slowly move in the 
ment are indicated. Models merely elsewhere, mechanical and physical opposite direction (see Fig. 6). Such 
represent mathematical equations but behaviour is only indirectly affected. As behaviour, long known for certain fibres 
some perfectly good equations cannot be an extreme case, a professor of philo- and threads, has only recently been 
represented by models of this kind. sophy falling out of an aeroplane obeys observed in gels and closely simulates \ 

exactly the same laws of motion as a sack living activity. It is equivalent to a model a 
Biorheology of potatoes but, if he survives, his subse- consisting of two Burgers units. : 

Most rheologists are concerned with quent reactions will be quite different. Living matter, as Schrédinger puts it, Fig 
the flow and deformation of complex ‘““ When is a piece of matter said to be feeds on negative entropy. “The | (ela 
industrial materials such as high poly- alive? When it goes on ‘doing some- essential thing in metabolism is that the wri 
mers, tar, bitumen, dough, paint, and so_ thing ’, moving, exchanging material with organism succeeds in freeing itself from a 
on, or with constructional materials such its environment, and so forth, and that all the entropy it cannot help producing 
as metals, concrete and wood. But there for a much longer period than we would while alive”. Living things are thus Pr 
have always been some who have been expect an inanimate piece of matter to “open systems” in a steady rather than 
interested in the properties of living ‘keep going’ under similar circum- a static state. Classical thermodynamics est 
organisms or of materials directly stances,’ as Erwin Schrédinger put it’. is concerned with closed systems but | sy 
abstracted from them. At the first Inter- The more complex non-living matter recently a new “irreversible thermo- M. 
national Congress on Rheology in 1948 becomes, the more nearly it approximates dynamics” has been developed, mainly by | _ the 
A. L. Copley proposed that this branch to such behaviour. The writer has shown’ L. Onsager and I. Prigogine’ and the 
Fig. 4. Some liquids show marked elastic properties as well as _ thickens. With a viscosity approximately equal to that of treacle, [ 
normal viscous flow: when cut the upper part of this demanstra- the liquid consists of paraffin with 5% of dissolved soap. The 
tion liquid moves quickly back into the bottle; the stream also soap molecules are believed to form long polymers linked into [$c 
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writer believes this will form the basis 
of future biorheological theory. 


Problems of blood flow 

One of the first scientists to be inter- 
ested in applying rheology to living 
systems was the French physician, J. L. 
M. Poiseuille (1797-1869). He appreciated 
the need for simplifying experimental 
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a loose network. The elasticity is due to 
entropy changes in the liquid: they are 
explained in the text and in Fig. 3. 
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Fig. 5. Complex rheological behaviour can often be represented by 
combinations of two simple elements—a Hooke body or spring 
(elasticity) and a Newtonian body or damped piston (viscosity). 





conditions if the ordinary physical laws 
of flow were to be elucidated and applied 
to a biological system such as blood. 
Following the discovery of the circula- 
tion of the blood, problems of flow in the 
human body assumed increasing import- 
ance and it became necessary to know 
how the rate of flow of a liquid, which 
obeys Newton’s law of proportionality to 
applied pressure, varies with changes in 
the radius and length of the capillary. 
Early investigations, mainly in France, 
produced very complex and, as was later 
shown, erroneous results. Blood does not 
obey Newton’s law nor are blood vessels 
the rigid impermeable capillaries of 
circular cross-section and constant bore 
that theory requires. Thus even work- 
ing with artificial glass capillaries would 
not establish the laws of flow of simple 
fluids, apart from the difficulties, at that 
time very serious, caused by coagulation 
induced by contact of blood with glass. 
Poiseuille very sensibly decided to start 
all over again and find out what happens 
when water and other simple liquids flow 
through carefully made glass capillaries. 
As is well known, he discovered the law, 
independently of G. Hagen in Germany, 
that the rate of flow is proportional, not 
only to pressure, but also to the fourth 
power of the capillary radius and in- 
versely to the length. Later, it was found 
to be quite simple to show that this law 
must follow from Newton’s postulate. 
The flow and deformation of many 
biological systems have now been studied 
but by far the largest volume of work 
so far has been concerned with blood: 
its flow, coagulation and the properties 
of the blood vessels. This is not surpris- 
ing: the rheological study of blood has 
a most important bearing on that great 
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Fig. 6. When a milk gel is compressed first in one, then in 
the opposite direction, it moves in the first direction, “pauses”, 
and then moves in the other direction—a kind of memory? 


scourge of mankind, vascular diseases. 
The subject may be divided into three 
sections: flow of blood, coagulation and 
fibrinolysis, and rheology of blood 
vessels. The flow of blood, even in a 
carefully made glass capillary (the blood 
being treated with an anti-coagulant) is 
quite complicated. First, the rate of flow 
is not strictly proportional to the applied 
pressure ; straight lines are obtained when 
the square roots of these quantities are 
plotted against one another, following an 
equation proposed by N. Casson for 
certain varnishes. Secondly, when the 
capillary radius is changed, Poiseuille’s 
fourth power law is found not to hold. 
This latter anomaly has a long and 
interesting history. In 1919, E. C. Bing- 
ham and H. Green noted such behaviour 
for certain paints and in 1930-33 R. K. 
Schofield and the present writer published 
a number of papers on quantitative 
effects in clay and soil pastes, calling the 
anomaly “the sigma phenomenon”. 
During the next quarter of a century 
many studies were published on similar 
phenomena in non-biological systems, but 
it was only at the Third International 
Congress on Rheology (1958) that it was 
fully appreciated by rheologists that 
R. Fahraeus and his school in Sweden 
had, since 1931, been making interesting 
parallel observations on blood. The 
causes of sigma phenomena undoubtedly 
differ for different systems but it seems 
certain that, in blood, a main cause is the 
fact that the leucocytes, erythrocytes and 
the platelets, do not all travel along 
paths parallel to the capillary wall but 
are constrained to move radially to an 
extent dependent on their respective sizes. 
There is no doubt that, due to the 
change in velocity gradient across the 
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Fig. 7. A red blood cell almost entirely filling a capillary in the muscle of a dog. How such large objects travel through capillaries 
is one of the problems of biorheology. (Photo: George D. Pappas, Columbia University, College of Physicians and Surgeons.) 


capillary, all these particles will tend to 
rotate and it has been suggested that, like 
a tennis ball which has been “ cut”, such 
rotating particles will move out of line. 
But other workers have claimed that such 
forces must be infinitesimally small. Be 
this as it may, there is no doubt that, as 
Galileo might have put it, the particles 
do move radially! When erythrocytes 
clump together, the combined particles 
may be larger than leucocytes and this 
will change the concentration distribution. 
One cannot help wondering how these 
changes are related to the pathological 
conditions generally, and some think, 
always, associated with the clumping of 
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erythrocytes. It had been suggested that 
the sigma effect in blood might depend 
on the tendency of the red cells to form 
“‘ rouleaux ” which look rather like a pile 
of coins carelessly pushed sideways. But 
B. Kiimin and (independently) the author 
have shown that the phenomenon is well 
marked in cow’s blood which does not 
form rouleaux. At the present time the 
whole question is in the melting pot. 


Blood coagulation 

Problems of blood coagulation cover 
a wide field and many hundreds of books 
and articles have been written about 
them. But it is remarkable how little has 


been done on the rheological properties 
of blood clots. This is rather surprising, 
since so many human ills may be ascribed 
to blood which fails to clot when it 
should, or clots when it should not. The 
coagulation process is a long and com- 
plicated one but the final stage—the 
formation of the fibrin—is relatively 
simple and the author has shown that 
under certain so far rather limited experi- 
mental conditions, the clot itself has a 
very simple rheological structure, behav- 
ing much like a single spring which 
obeys Hooke’s law attached to a single 
viscous element which follows the law of 


Newton, i.e. a Maxwell model (see Fig. 
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§). It can therefore be described in terms 
of only two properties, one elastic con- 
stant and one viscosity, or by their ratio, 
which is known as a “ relaxation time.” 

Blood clots, like tourniquets and 
dictatorial Heads of States, may be neces- 
sary in emergency but should not be 
retained indefinitely and the subsequent 
process Of fibrinolysis (so sadly lacking 
in the political field) is essential in 
recovery from bleeding. Not much has 
yet been done on the rheology of this 
interesting process. 

The vessels through which the blood 
flows are neither circular nor even in 
bore, nor are they rigid or impermeable. 
Studies in the rheology of such systems 
are highly complex, but some good 
beginnings have been made. 


Muscle, protoplasm and 
synovial fluid 

The mechanism of muscular contrac- 
tion has long intrigued rheologists and 
physiologists alike. Muscle elasticity 
somewhat resembles that of rubber but 
is enormously more complex because of 
the biochemical changes associated with 
it. Yet many of the concepts of high- 
polymer rheology have been usefully 
applied in this difficult field. 

The flow properties of protoplasm 
have been widely studied and highly 
contradictory conclusions have been 
reached. This is mainly because, when 
theological testing methods have to be 
applied to such minute samples of living 
matter, it is extremely hard not to change 
drastically the very properties being 
measured as a result of the process of 
measurement. It was not long before 
his tragic death in a road accident that 
L. V. Heilbrunn, of Philadelphia, wrote 
a comprehensive treatise on the viscosity 
of protoplasm. The scope of the subject 
may be judged from the fact that he 
included a bibliography of over 300 
references. Further light has been 
thrown on the flow of protoplasm 
through the experiments of H. H. Pfeiffer 
of Bremen, Germany. Vitally stained 
drops of protoplasm, flowing through a 
capillary, are characterised by different 
light absorptions in planes parallel and 
Perpendicular to the direction of flow. 
This “rheodichroism”, as it is called, is 
believed to be brought about by the 
destruction and re-formation of aggre- 
gates (leptones) orientated by the flow. 
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In Britain, rheumatic disorders are 
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responsible for much suffering and loss 
of efficiency, and a rheological study of 
synovial fluid, that rather bad lubricant 
(by engineering standards) which nature 
has provided for our joints, has also 
attracted considerable interest. Nor can 
we forget chronic bronchitis, sufferers 
from which must often wish that it were 
not so difficult to change the flow pro- 
perties of the bronchial mucus although 
some progress has been made in this 
field. For diagnostic purposes the mea- 
surement of the rheological properties 
may also be important. 

Great advances in eye surgery have 
saved the sight of many who have suf- 


Newtonian fluid, have not proved very 
encouraging so far; but cervical mucus 
has very remarkable rheological proper- 
ties which are known to change during 
the sexual cycle and in pregnancy. 

There is now no great difficulty in the 
early diagnosis of pregnesncy in women 
through the presence of hormones in the 
urine but in some animals, such as cows, 
these tests do not work. Measurements 
of the consistency of bovine cervical 
mucus, made by the writer and his col- 
leagues, have given a pregnancy test for 
cows (see Fig. 10) which is fairly correct 
twenty-eight days after conception, 
whereas a veterinary examination can 
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Fig. 8. Coagulated blood shows simple rheolo 
graph) it is immediately displaced elastically. 
and elastic recovery on removal of the load (right of graph). 


constant viscosity, 


fered from glaucoma, but we still know 
far too little about the rheology of the 
fluids in the eye. 


New test for pregnancy 
Medicine is concerned not only with 
the preservation of life but with its 
reproduction. For conception, the first 
essential is that the sperm in the male 
semen should make its way through the 
female cervical mucus to reach the ovum. 
Studies of the flow characteristics of 
human semen, which is not quite a 


ical behaviour. When loaded (left of 
his is followed by steady flow with 


seldom be reliable much before forty 
days. 

A rather different rheological test will 
indicate oestrus (“heat”), a condition 
all too often missed by the practical 
farmer. But these tests are indirect, de- 
pending on hormonal levels, so there are 
always a few failures.under abnormal 
endocrine conditions. Cervical mucus has 
some very strange rheological properties 
especially at about the time of ovulation. 
If poured from one vessel into another, 
it forms a long stringy thread which, if 
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Figs. 9 & 10. The development of rheological instruments. At top, a drawing of the 
first viscometer designed by the 18th century Russian scientist, M. V. Lomonosov. 
Above is a modern consistometer, used for detecting pregnancy in cows. The 
instrument measures the time taken to extrude a small column of mucus from an 
emptying capillary. The instrument in fact measures consistency, not viscosity. 





cut with an oiled pair of scissors, wil] 
spring back like a piece of elastic into 
the vessel from which it came. 

G. H. Bell and his colleagues haye 
studied the strength and elasticity of bone 
in health and disease. This material wil], 
no doubt, form the subject of many 
further investigations. Lymph, an almost 
Newtonian fluid, has been little studied 
and deserves further attention. Finally, 
surely, it is surprising that no rheological 
studies appear to have been made on the 
whole problem of flow through the diges. 
tive tract, especially in a society that has 
been said to spend more money in adver- 
tising aperients than on the whole of 
government sponsored medical research, 

In conclusion, it would appear that 
rheology should provide some useful 
tools for medical and biological research 
generally. So far, little has been done 
and it is too early to say, in the majority 
of cases, how far rheological measure- 
ments reflect pathological conditions, 
But, as Leonardo da Vinci pointed out 
long ago, “there is no certainty where 
none of the mathematical sciences can be 
employed or in the case of things which 
cannot be connected with mathematics”, 
Like the porpoise in Alice in Wonderland, 
mathematics may be a nuisance but itis 
a quite essential nuisance and it is through 
the mathematical approach that rheology 
may hope to heal some of the sufferings 
of Man. 
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How to save £150 millions a year 


Simple really. Eliminate the annual loss on the 
farms of England and Wales due to the attack 
of insect pests (£80 millions) and the growth 
of weeds (£70 millions). It is much more than 
just a loss of money and crops. Into the melting 
pot go precious time and planning, costly labour, 
valuable raw materials and equipment potential. 
But for modern chemical controls the loss would 
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be very much greater. Shell agricultural products, 
used on a vast and ever increasing scale, are 
progressively reducing this unnecessary wastage 
and helping to achieve higher yields from the 
land. 

For further information, write to the Information 
Officer, Agricultural Division, Shell Chemical 
Company Limited, 170 Piccadilly, London W.1 


Shell Chemicals 





Towards controlled fusion 


The ability to reproduce the conditions of the sun in the laboratory could solve the world’s energy problems, 


The author describes the progress already made in this field, and the problems still to be solved, 


Fig. |. Hot ionized gas (plasma) at a very high temperature 
contained in a toroidal pinch. Temperatures nearly as hot as 
the sun (whose energy is primarily produced by fusion 
reactions) are obtained by passing large currents through the 
gas. One of the biggest problems so far encountered in work 
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on controlled fusion is the instability of plasmas produced in 
this way—kinks such as those at the top of the picture cause 
large energy losses making it impossible for high enough 
temperatures to be maintained for a sufficient length of time 
for fusion to take place. (Photo: Atomic Energy Authority). 
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The controlled release of nuclear energy unmanageable pressure it is necessary to an unavoidable radiation loss, but the 
by the fusion of the nuclei of light ele- maintain the density at a relatively low inadvertent inclusion of even small quan- 
ments is one of the most difficult and value, say approximately 10*° particles tities of impurity enormously increases 
challenging problems of contemporary per cc—about one ten thousandth of the this loss. It has become clear that a 
gience. Its pursuit grew out of the cer- particle density of our atmosphere at sea “dirty” plasma loses power intolerably, 
tainty that nuclear energy could be level. At this density the containment especially when it is at high density and 
released by fusion as demonstrated, for time must be at least 100 milliseconds. a low temperature. For this reason it 
instance, by the thermo - nuclear, or This is a comparatively long time for a has proved exceedingly difficult to heat 
“hydrogen” bomb. However, to release hot plasma, for in this time a hot ion the electrons of a plasma by slow means 
this energy slowly and in a controlled would travel 100 kilometres and it implies to even 100 electron volts. 
ES way we require the ability to manipulate that an ion should make 10,000 or more It should be emphasised that in plasmas 
| and contain extremely hot, ionised gas transits of the bottle before escaping. it is not necessary for the electrons and 
(called plasma) in strong magnetic fields. The bottle must therefore provide a high ions to be at equal temperatures. Indeed, 
The nuclear physics of the problem is degree of confinement for even a single quite often they behave as two thermally 
ms. known with such precision that a rela- particle. In other words, a large fraction separate gases at two quite different tem- 
tively straightforward estimate can be of all possible particle orbits must be peratures. However, in many other ways 
ed, made of the final requirements of a hypo- confined within the bottle. More serious the ions and electrons are quite closely 
thetical controlled fusion reactor. A gas than this, the collective motion of the coupled. The study of all possible col- 
or plasma of the hydrogen isotopes, deu- plasma as a whole must remain stable lective motions involved presents a feast 
terium and tritium, must be heated to a with respect to the confining magnetic of new problems for theoretical physicists 
temperature of at least 100 million field. Otherwise, the plasma may bend as well as experimenters who must learn 
degrees (or 10 kilo electron volts). or change positions with the flux tubes to deal with plasma. 

It must also be contained in such con- of the magnetic bottle and so reach the It is clear that heating plasma is a 
centration “‘n” particles per cubic centi- walls of the surrounding material vessel. problem closely associated with other 
metre and for such a time “t” seconds Since instabilities of this kind grow in complex phenomena. Indeed, the total 
that the product “nt” exceeds a certain a few microseconds it is clearly impera- amount of heat energy involved, if suc- 
value which is approximately 10%4 sec/cc. tive that they be eliminated. Experiment cessfully contained, is trivial, since to 
This is the ultimate aim of all contain- and theory have shown that this is diffi- heat a fusion plasma as already defined 
ment systems for producing fusion power. cult to achieve, and it is in fact the central without any losses would require only 

The only practical way of containing problem of controlled fusion (see Fig. 1). a few joules of energy per cubic centi- 
a very hot plasma, which consists entirely The heating of the ions and electrons metre. Unfortunately those losses 
of heavy positive ions and electrons, is to of the plasma is not in principle a diffi- encountered to date have effectively 
confine it within a suitably shaped mag- cult task providing that a wasteful escape increased those requirements by a hun- 
netic field, or magnetic “bottle”. In order of heat energy can be prevented. Even dred, or even a thousandfold. Even the 
to avoid the plasma exerting an from a pure deuterium plasma there is comparatively rapid heating of gas by 
Fig.2. A very high energy is required to overcome the mutual 
repulsion of two ions. Only when ions can be kept at this 
energy at a sufficient concentration for a sufficient time can 
fusion occur. Although ionized gas has been heated to several 
million degrees it has not yet proved possible to produce 
thermonuclear fusion in the laboratory. 
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use Fig. 3. A typical fusion reaction in which two heavy hydrogen energy equivalent to 2,865,000 ibs. of coal. The deuterium in 
ugh (deuterium) nuclei combine to form one light helium nucleus the sea is equivalent to about 8 x 10!9 tons of coal—enough to 
ime with the release of a single neutron and 3-34 MeV of energy. last for approximately 10!0 years if energy were used at the 
ty). It has been estimated that | Ib. of deuterium could produce present rate of approximately 6,000 million tons of coal a year. 
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Fig. 4. In the stabilized pinch a heavy discharge current is passed 
through the plasma. This creates a magnetic field, A, which 
exerts an inward pressure on the plasma. A stabilizing 
magnetic field, B, is produced by passing a current through 
the external coils. Heavy energy losses from the ends can be 
eliminated by bending the apparatus into a toroidal form. 
High plasma densities can be produced, but it is difficult to 
create high enough temperatures. Though there is a possi- 
bility of obtaining full stability, this has not yet been realized. 
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In the theta pinch the current in the plasma follows 


Fig. 5. 
the line of the tube. The plasma is completely contained 
by the magnetic field—thus there is no need to bend the 
tube into a toroidal form to eliminate heavy energy losses 
and engineering simplicity, which is of major importance, is 


preserved. There is no difficulty in obtaining high plasma 
density but the theta pinch is not even theoretically stable, 
In practice, plasma rotation leads to centrifugal instabilities, 
Again, it is difficult to obtain high enough temperatures, 























the passage of shock waves is relatively 
ineffective at heating electrons and it has 
proved difficult by means of a single heat- 
ing process to reach electron temperatures 
greater than a few tens of electron volts, 
although ion temperatures of one or two 
hundred volts have been achieved. 


Pinch experiments 


The first attempt at confining a plasma 
was in a pinched electrical discharge. In 
these experiments an electric current is 
passed through a low density gas con- 
tained in a cylindrical tube. The pres- 
sure of the gas may initially be between 
a fraction of a micron and a few tens 
of microns of the mercury column. The 
tube may be either straight with elec- 
trodes at its ends, or bent into an endless 
toroidal tube. Application of a strong 
electric field across the gas may then 
cause it to become ionised and a good 
conductor of electricity. An axial cur- 


Fig. 8. High-speed photography is used to 
record gas discharge in a thetatron. The 
plasma is viewed axially and the time in 
millionths of a second is shown below 
the photographs. Note the signs of insta- 
bility that are shown in the central photo- 
graphs. (Photo: Atomic Energy Authority.) 





rent will produce an azimuthal magnetic 
field which can constrict and compress 
the gas away from the walls and towards 
the axis of the tube. Even in early 
experiments currents of up to one million 
amperes were produced in hydrogen or 
deuterium gas in a tube about one metre 
long. It is characteristic of these experi- 
ments that the current increases very 
rapidly from the instant of breakdown, 
rising to a peak in a few millionths of 
a second. The gas itself is heated by 
the implosion of a strong cylindrical 
shock wave. Correlated with the arrival 
of this implosion at the centre of the tube 
a burst of energetic radiation has often 
been observed leaving the tube. This 
radiation is both of “hard” x-rays and 
of neutrons (when deuterium gas is used). 
In the early days it was believed that the 
neutrons came as a by-product of ther- 
monuclear reactions. Later, however, it 
was shown that they were the result of 
nuclear reactions induced by a relatively 
small number of rapidly accelerated deu- 
terons in collision with a background of 
relatively cold deuterons. 

The x-rays likewise come from a burst, 
or sometimes a more continuous beam, 


of fast moving electrons accelerated in 
a similar way. It is interesting to note 
that a small fraction of particles in the 
tube acquire energy (in volts) ten times 
and more than the voltage originally 
applied across the electrodes of the tube. 
Certainly the plasma is most unstable, 
for the current channel containing the 
plasma column twists, kinks and gyrates 
very rapidly, striking the tube walls in 
a matter of microseconds. Such a system 
loses energy far too rapidly to hold any 
promise for useful nuclear containment. 

Work on toroidal pinches, such as Zeta 
at Harwell and Sceptre at the AEI 
Laboratory, Aldermaston, has _ shown 
rather similar behaviour. The principle 
difference in these devices is the slower 
rate at which the current rises so that 
plasma heating is afforded by the dissi- 
pation of electric current rather than by 
shock waves. Furthermore, attempts 
have been made to stabilise the grosser 
movements of the current channel by the 
prior inclusion of an axial magnetic field 
which gets swept up in the conducting 


plasma and compressed by the azimuthal 7 
field. While the general structure of the [ 


magnetic fields can be maintained for 
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Fig. 6. 


very complicated process. 


and high temperatures can be produced. 
stability can be obtained is still an open question but so far 
plasma densities have been far too low for fusion to occur. 


about a millisecond the actual contain- 
ment time of plasma has proved dis- 
appointing. It has now been found that 
plasma can escape across the field in 
about one-tenth of a millisecond (these 
figures refer to Zeta). The Zeta team 
has detected hot plasma reaching the 
walls of the torus and has been able 
to account for most of the input of 
electrical energy as being eventually 
lost in this fashion. The mechanism 
of this loss is attributed to a turbu- 
lence of the magnetic field and plasma. 
It may be analogous to the increased 
diffusion of suspended particles in fluids 
which are closer to everyday experience 
when they become turbulent — for 
example, there is the rapid dispersal of 
smoke from a billowing chimney. When 
the discharge is run in a plasma at a 
higher starting density the degree of tur- 
bulence decreases, as does the diffusion 
loss, but now it is replaced by an 
increased loss of energy by ultraviolet 
radiation from impurities. 

These slow discharges have yielded 
some surprises. They can produce neu- 
trons under optimum conditions, but 
again probably due to instabilities. 
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In the mirror machines the current is carried primarily 
in the outside coils AA and BB. These carry currents in the 
same direction and produce a magnetic “trap” capable of 
containing the plasma very efficiently. Plasma must however 
be injected into the magnetic trap, and this has proved a 
There is very little plasma loss 


Fig. 7. 


Whether or not 


Furthermore the heavier ions tend to be 
much more energetic than the electrons. 
This preferential heating is surprising 
because if it were simply electrical in 
origin one would expect the electrons, 
which are heated directly by current dis- 
sipation, to be the hotter of the two 
species. It is therefore conjectured that 
the ions are heated by the turbulent 
motion of the plasma although other, 
more complex mechanisms are not pre- 
cluded. 

In the last two or three years much 
patient, detailed and ingenious diagnos- 
tic work has been done on pinches with 
some success, although very little actual 
progress has been made in improving the 
performance such as the temperature and 
containment. 


Theta pinches 


These devices are sometimes known as 
thetatrons, being a variation on the origi- 
nal pinch. Here the current is in the 
azimuthal direction. The lines of mag- 
netic flux lie generally in the axial direc- 
tion and some may bend round and close 
on themselves to form loops which con- 








In the cusp machine the coils AA and BB carry currents 
in opposite directions. 
are everywhere convex to the contained plasma the apparatus 
is theoretically stable. However, the high rate of plasma loss 
from the cusps of the plasma shape and the difficulty experi- 
enced in producing high temperatures are serious disadvan- 
tages. Experiments have shown that cusp-contained plasma 
is stable under steady 
machine that is both theoretically and practically stable. 


As the resulting magnetic field lines 


conditions, and this is the only 


tain plasma in the shape of an elongated 
annular tube, like a napkin ring (see Fig. 
5). On theoretical grounds one antici- 
pates that such a system may be unstable, 
since at the ends of the tube the mag- 
netic field lines curve round, being con- 
cave towards the plasma. 

In practice, the situation is complica- 
ted by the fact that the plasma is often 
found to rotate rapidly about its axis 
and this introduces the possibility of fur- 
ther centrifugal instabilities. In the theta- 
tron it is possible to heat the plasma by 
a combination of methods; by shock com- 
pression, by a slower squeezing, or adia- 
batic compression, and by current dissi- 
pation, which occurs inevitably as mag- 
netic flux trapped near the axis of the 
tube and in a reversed direction tends 
to relax to the uniform state. 

Dr Kolb of the U.S. Naval Research 
Laboratory, Washington, has produced 
momentarily a very dense, hot plasma. 
His mose recent and powerful device 
operates with a pulsed current of 10 
million amperes. The quite remarkable 
density of 4 x 1077 electrons per cc has 
been achieved with an electron tempera- 
ture of 350 eV. This plasma does not 
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Fig. 9. A model of the figure eight stellarator at Princeton University. The stellarator is a relative of the toroidal pinch. 


appear to escape before at least the end 
of the first current pulse, which has a 
duration of 12 microseconds, although 
previous experiments had suggested a 
rapid rotation of the whole plasma giving 
rise to probably a centrifugal instability. 


The stellarator 


A relation of the toroidal pinch is the 
stellarator, which differs to the extent 
of having a very strong axial magnetic 
field which is not significantly compressed 
during operation. The axial current and 
its own azimuthal magnetic field are rela- 
tively weak and provide a source of heat- 
ing. The stellarator was pioneered by 
Professor Spitzer of Princeton, U.S.A., 
and elaborate precautions have been 
taken by twisting the axial magnetic field 
to cure all known forms of magnetic 
instability. Unfortunately the stellarator 
is plagued by its own peculiar trouble 
known as “ pump-out,” which refers to 
the escape of heated plasma at an unex- 
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pectedly high rate. It has therefore not 
been possible to achieve very high tem- 
peratures. Nevertheless, many alterna- 
tive proposals exist for heating plasma 
and it may be possible to apply one or 
more of these partly in place of current 
heating, thereby eliminating the worst of 
pump-out. If this can be achieved the 
stellarator should hold promise. A large 
stellarator, called model-C, has been 
built at Princeton and is in preliminary 
operation. Only current heating has so 
far been tried, so it is not possible to 
comment on further possibilities of 
model-C, 


Mirror machines 

Magnetic mirror containment, or mag- 
netic traps, are different in principle to 
the pinch family. Here the object is to 
form a straight magnetic bottle with 
stoppered ends with the field produced 
by currents in external coils. If a 
charged ion can be introduced into the 
system with a certain energy it will spi- 


ral around the magnetic field lines being 
reflected, generally speaking, from 
regions where the magnetic field is 
strongest, that is, in the plane of the 
coils. The coil fields therefore act as 
mirrors reflecting particles back towards 
the central and weaker field region. Pro- 
viding the ion is spiralling at not too 
small an angle to the direction of the 
field line it should remain confined for 
many transits. The possibilities of this 
confinement have been demonstrated 
theoretically, but since an ion should be 
capable of making many thousands of 
transits it is desirable to confirm the 
theory by experiment. Indeed this has 
now been done, but actually by using 
trapped positrons from a_ radioactive 
source. 

One means of producing a hot plasma, 
which finds application. in mirrof 
machines, is to create it energetically by 
randomising the directed velocity of 4 
beam or bunch of particles. For 
example, a beam of deuterium ions tfa- 
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velling with a velocity of 100 million cm. 
per second could, if suitably randomised, 
become a plasma at about 10 keV. The 
drawback to overcoming the heating 
problem this way is that the plasma is 
created only very slowly. Depending on 
the relative intensity of the beam source 
and the competing loss rate it may or 
may not be possible to build up a suffi- 
ciently dense plasma this way. One of 
the principle difficulties is the effective 
trapping of the injected beam of particles. 
It can be shown that if an ion is injected 
into a magnetic bottle from outside it 
will eventually leave the bottle as it came 
in, even though it may perform a compli- 
cated orbit in the meantime. In other 
words, a magnetic bottle can exclude 
Particles just about as efficiently as it can 
contain them. 

One way of overcoming this problem 
is to change the effective identity of the 
particle soon after it first enters the trap- 
Ping field. 





In the machine known as DCX, 
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Fig. 10. Energy losses in a fusion machine and the techniques used to study plasma. 


operated at the Oak Ridge Laboratory in 
the U.S.A., a beam of molecular ions is 
injected into the trap. The idea is now 
to break up the charged molecular ion 
into one charged ion and one neutral 
atom. The ion is now lighter than the 
original molecule and performs a new, 
unrelated orbit which it is hoped will be 
confined. The neutral atom meanwhile 
passes out of the machine and is of no 
more concern. Several mechanisms have 
been proposed for effecting this break 
up, two of these involving the introduc- 
tion of the charged ions from a carbon 
or lithium arc. While these appear to be 
effective, it is most undesirable to have 
to introduce impurity ions into any 
plasma. It would be better to rely on 
the remaining, uncharged molecules of 
deuterium left in the evacuated vessel. 
The Russians, with a large mirror 
machine called Ogra, rely on this method 
for trapping the injected deuterium beam. 
The beam is injected almost at right 
angles to the field lines so that the ions 


may perform a closely coiled spiral orbit 
before having a chance to leave the trap. 
During this time it is estimated that the 
charged molecular ion will be dissociated 
by one of the remaining neutral mole- 
cules in the machine, or perhaps by one 
of the number of accumulated deuterons. 
Unfortunately these deuterons can accept 
an electron from a slow moving neutral 
to become a fast moving atom, which, 
because it is uncharged, escapes from 
the field trap. Because of this competi- 
tion between the profit and loss of a 
plasma there exists in DCX and Ogra 
a critical injection current which must be 
exceeded if a pure plasma is to be built 
up from the residual neutral gas. 
Relying solely on the process we have 
just outlined it turns out that both the 
critical injection current and the dimen- 
sions of the machine must be large. On 
a new DCX an injected beam of 400 mil- 
liamps is planned with an ion energy of 
600 keV. Already this beam has yielded 
70 milliamps at nearly full energy. In 
Ogra there is already an ion beam of 
150 milliamps at 160 keV. Even with 
this powerful beam only comparatively 
low density plasmas with about 107 ions 
and electrons per cc. have been achieved. 
While the mirror trapping principle 
seems satisfactory for single particles with 
these high energies it is the collective 
behaviour of a plasma of many particles 
in a magnetic field which presents serious 
problems. In the mid-plane between the 
mirrors the magnetic field lines are con- 
cave to the plasma and therefore 
inherently unstable in this region. In 
Ogra, for instance, the plasma appears 
to develop instabilities having the form 
of tongues, or protuberances parallel to 
the magnetic field. Whether or not a 
mirror confined plasma can be held stable 
in fields of such simple form as those 
indicated is a matter of considerable 
doubt at present. Nevertheless, a cer- 
tain heuristic success has been achieved 
in apparently reducing these instabilities. 
In this connection it has been possible 
to partially stabilise the Ogra plasma by 
inserting charged electrodes at each end. 
There is also a mirror experiment at 
Lawrence Radiation Laboratory, U.S.A., 
where the highest density plasmas have 
veen achieved. Under the direction of 
Drs Post and Coensgen a complicated, 
but effective technique of continuously 
compressing a plasma in stages has been 
evolved. A blob of plasma is shunted 
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from one trap to another, the magnetic 
field increasing at each. By the time the 
es plasma is in its final trap its density has 
reached between 10° and 10'* ions per 
cc. The ion temperature is about 3,000 
eV and the electron temperature 100 eV. 
Of course, these are relatively low tem- 


peratures for mirror machines. The 
plasma in the trap appears to be quite 
stable at first, but then drifts rather 
slowly towards the walls of the enclosing 
vessel after about 100 microseconds. 
Whether the plasma in this machine can 
be adequately stable is therefore still an 
open question. 

More recently reported is the interest- 
ing experiment of Dr M. S. Ioffe of the 
U.S.S.R. He has designed what is 
basically a simple mirror trap surrounded 
by six rods mounted at the corners of 
a hexagon centred on the mirror axis, 
the rods running parallel to the axis. 
Equal currents are then passed up and 
down alternate rods. The combined 
magnetic field resulting from the mirror 
coils and the rods therefore decreases 
initially away from the plasma, near the 
mirror axis, but increases again towards 
the rods. The fields produced by the 
rods are known as “picket” fields. By 
increasing the strength of the picket fields 
relative to the mirror fields Ioffe has 
shown that the containment time of his 
original mirror trap can be increased 
from 100 microseconds, with no picket 


fields, to a maximum of 500 micro- 
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seconds. At this limit it appears that 
the worst effect of instabilities has been 
eliminated, at Jeast for the comparatively 
long time of 500 microseconds. 


Cusp fields 


There is one simple magnetic field system 
which should be inherently stable because 
the field lines are everywhere convex 
towards the contained plasma. This field 
is produced with the usual type of mirror 
coils, but by passing the currents in oppo- 
site directions through the two coils the 
magnetic field vanishes at the point where 
the axis of the coils intersects the plane 
mid-way between them. In all directions 
away from this null point the magnetic 
field strength increases with distance. It 
is possible to locate a plasma in a small 
cusp-shaped volume enclosing this point 
and furthermore this configuration should 
be stable (see Fig. 7). 

Unfortunately, stability is bought at 
a high price, since now the single particle 
containment is poor. Plasma can stream 
out along field lines, both along the axis 
of the cusp as well as radially across the 
mid-plane. By diffusing perpendicular to 
the field the plasma creates a slot through 
which to stream, rather as a gas flows 
through a conventional nozzle. Plasma 


physicists turned to cusp field contain- 
ment systems only when other, and at 
first sight easier, roads were found to be 
instabilities. 
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Fig. 11. Progress towards controlled thermonuclear fusion. The successful machine 
must be able to produce a plasma ion temperature of about 105 electron volts and 
a containment time of about 10!4 sec./cc. as shown in the dark area on the right. 
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Experimental results are, as yet, rudi- 
mentary, although there are now three 
groups actively pursuing this work. 
The first physical problem is to pro- 
duce a hot plasma within the cusp field, 
and two distinct methods have been tried. 
Dr Hagerman in the U.S.A. and Dr Pod. 
gorny and his colleagues in the U.S.SR. 
inject their plasma from a plasma source 
or gun. These are devices for accelerat- 
ing blobs of plasma to very high velocity 
by electromagnetic force. For example, 
the plasma from Hagerman’s injector 
reaches a speed of 9 cm. per micro- 
second. This jet of plasma pierces one 
end of the cusp and then remains mostly 
trapped, at least for one or two hundred 
microseconds. In another cusp experi- 
ment, Dr Allen, at Harwell, produces 
his hot plasma firstly by shock heating 
and then by adiabatic compression of 
the plasma by increasing the cusp fields 
themselves. So far, these experiments 
have only demonstrated the possibility 
of trapping hot plasma in a cusp, but 
they have indicated that cusp-contained 
plasma is stable under steady conditions. 


Conclusion 


In assessing the progress towards the goal 
of a practical fusion reactor we must 
bear in mind the complementary require- 
ments of obtaining both a high ion tem- 
perature and a lengthy containment. It 
is interesting to plot out the state of 
the art by placing contemporary experi- 
ments on a graph whose axes are the 
ion temperature and containment. We 
see this in Fig. 11, noting that the scales 
are logarithmic. The desired goal, the 
thermonuclear regime, lies to the top right 
corner. 

What can be said of future progress? 
Let us recall the central problem, which 
appears to be the various instabilities 
suffered by confined plasma. These may 
be so severe as to eventually rule out 
some schemes entirely, but in others we 
have specific evidence that certain insta- 
bilities may be controllable, or at least 
reduced in degree. As in biological evo- 
lution, progress along a particular path 
may come to an abrupt, or unforeseen 
end, while those along which progress 
is slowest may possess the greatest poten- 
tiality. Fortunately scientists all over 
the world are joining in all aspects of 
this enormous task in a spirit of friendly, 
open, and international co-operation. 
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The soil as a habitat for life 





SIR JOHN RUSSELL 


“A clod of earth seems at first sight to be the embodiment of the stillness of death’’—yet it supports a vast 


living population. The author describes how the architecture of the soil makes this possible, how soil organisms 


depend on each other and how the human population in turn depends on the life of the soil. 


The dark and seemingly inert structure 
of a lump of soil would not at first sight 
seem to constitute a likely habitat for life. 
Even in the 1880’s and 1890’s, when 
bacteria were found as regular inhabi- 
tants playing an important part in the 
nutrition of plants, nothing larger was 
supposed capable of existence in the soil. 
Later investigations at Rothamsted, how- 
ever, Showed that active protozoa were 
present as well as bacteria, and in 1919 
a team was set up there to study these 


and other organisms also found: algae, 
fungi and small invertebrates, not simply 
as individual groups, but as a mutually 
interdependent population.’ Lack of re- 
sources brought the scheme to an end 
but work on individual groups continued, 
and has recently been greatly extended, 
especially on the small invertebrates. 


Organisms in the soil 
As usual every advance shows that the 
field is much wider than had been ex- 


pected. The old estimates of the numbers 
of active bacteria in farm soil at Rotham- 
sted ranged from about 3 to 10 millions 
per gram: modern estimates are 3,000 
million or more. It is difficult to visualise 
either the size or the numbers of bacteria 
in the soil. One of the best illustrations I 
know of the size of bacteria was given 
by S. G. Paine when he estimated that a 
quarter of a million of average size could 
sit on the full stop at the end of this 
sentence. Estimates of their weight per 


Fig. |. A protura, one of the most primitive organisms that is known to exist in the soi!. (Photo : P.W. Murphy and H. F. Woodward.) 





acre tc a depth of 6 inches have ranged 
between 1,500 and 3,000 lb. at Rotham- 
sted, and up to 4 tons on a Swiss grass 
field—which is considerably greater than 
that of the animals grazing on it. The 
numbers and variety of the soil animals 
are also much greater than suspected. 
The smallest are usually the most 
numerous: the protozoa, nematodes and 
arthropods, roughly in that order. 

They are also the most active, con- 
suming more food and more oxygen per 
unit of bodyweight than the larger ones. 
The protozoa vary greatly in size, and 
weight is a better standard of compari- 
son: in Stdckli’s experiments and at 
Rothamsted their weight was 3-4% of 
that of the bacteria. The nematodes 
range from about 4 to 17 million per 
square yard, mostly in the top four 
inches of soil. The majority are free 
living, but some are parasitic on plants: 
these have been the most fully studied. 

The chief arthropods are the mites and 
springtails. The mites range considerably 
in size: between 12,500 to 100,000 of 
them could be packed into a drop of 
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Fig. 2. A drawing of a predacious nematode poised to strike its prey. 


548 


water. Salt found about 100,000 per 
square yard in the top six inches of 
grassland, and about 40,000 in the second 
six inches. The total number of arthro- 
pods per square yard to a depth of 12 
inches was about 220,000, some 70% 
being in the top six inches. The spring- 
tails are less numerous than the mites, 
and are of particular interest because of 
their antiquity. They are wingless and 
appear to be survivors of the days be- 
fore insects developed wings—a primeval 
race left stranded in the march of evolu- 
tion. A fossil insect closely resembling 
a present-day springtail has been found 
in the Lower Devonian rocks in Scotland 
going back some 300 million years, and 
40 or 50 million years before the first 
winged insects appeared in Upper Car- 
boniferous times. Some species dwell near 
the surface of the soil, and are usually 
brightly coloured, others live several 
inches lower down and are colourless, 
without eyes and very sluggish in their 
movements; the Protura are also low 
level dwellers. 

But the soil population comprises many 


other kinds of animals, such as enchy. 
traeids, earthworms, myriapods, larvae, 
etc. Kiihnelt in his recent book’ lists some 
700 species in all, but there are certainly 
more: as methods improve the list jg 
extended. A. Macfadyen puts the number 
at up to 1,000. 


Structure and properties of soil 


In order that these varied organisms 
can live in the soil five conditions must 
be satisfied: they must have living space, 
air, water, food, suitable temperature and 
sufficient freedom from harmful factors 
to live long enough to reproduce them- 
selves in numbers adequate for race sur- 
vival. Two important properties of the 
soil make this possible: its content of 
organic matter, and its peculiar struc- 
ture. The organic matter is derived from 
the remains of plants that grew on the 
soil and died there: they were drawn 
into the soil by worms and other animals 
and served as food and energy suppliers 
for the soil population—the energy being 
ultimately derived from sunlight by 
photosynthesis: F. Raw has studied this 





Fig. 3. A free-living nematode. (Photo: Dr. C. L. Duddington.) 
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in detail. The quantity and nature of the 
organic matter determines the size and 
character of the soil population; non- 
acid soils of deciduous forest carry the 
largest and most varied populations, 
grassland soils may be lower in the scale 
and arable soils lower still. 

The unique structure of soil results 
from the properties of its constituents. 
Most of it—often 90-97% of dry soil— 
consists of mineral particles derived by 
weathering or disintegration from the 
parent rocks. Those between 2 mm. and 
0.02 mm. in equivalent diameter, usually 
chemically inert and unchangeable, are 
called sand and constitute the framework 
of the soil. Those lying between 0.02 and 
0.002 mm. diameter, the silt, are mainly 
inert and somewhat indeterminate in 
character. The particles below 0.002 mm. 
diameter are, however, in the main 
strikingly different from the larger ones. 
Their parent material was decomposed 
by weathering agencies and the resulting 
products, coliectively called clay, are 
chemically reactive, and their small size 
gives them a very large surface area/ 


weight ratio compared with larger par- 
ticles. The clay is colloidal and is a 
powerful absorber of water. A light sandy 
soil may contain only about 3-5% and a 
good, easily workable loam about 7-15%, 
but a heavy clay may contain 30-60%, 
even occasionally 70%. At these high 
values the soil becomes almost unwork- 
able. Calcium carbonate varies more in 
amount than any other soil constituent 
and is especially important, as it is slowly 
leached out till finally the soil becomes 
acid and its character as a habitat changes 
completely. The population alters and 
becomes less diversified. 

The mineral and organic components 
of the soil become thoroughly inter- 
mingled through the activities of the 
larger soil animals, particularly the 
various kinds of worms which eat their 
way through the soil: in particular the 
clay and organic matter become so closely 
united that no mechanical separation is 
possible. The particles do not normally 
remain separate but are built up into 
fairly stable crumbs which may be 2 or 
3 mm. in diameter, honeycombed with 


cells and passages. It is not known how ; 
this is achieved—clay, organic matter, 
plant roots, earth worms and other soil 
organisms are all involved; but it is one 
of nature’s most vitally important pro- 
cesses, for without crumb formation little 
plant growth would be possible and in- 
deed most soils would long ago have 
been blown or washed away. Farmers and 
gardeners have learned empirically how 
to assist crumb formation, but they have 
not discovered how it comes about. More 
investigation is greatly needed: soil ero- 
sion is one of the world’s most serious 
problems. 

The soil particles are irregular in shape 
and do not fit compactly: empty pas- 
sages and pores remain as they do 
between soil crumbs. In addition pas- 
sages are left as roots decay or as soil 
animals force their way through the soil, 
and cracks form as the clay shrinks. In 
an ordinary farm or garden soil the 
empty spaces are sO numerous that in 
spite of their small size they add up to 
an almost unbelievably large volume; at 
Rothamsted about half of what looks 





Fig. 4. An oribatoid mite. Up to 100,000 mites may be found in the top six inches of a square yard of soil, 40,000 in the second six inches. 
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Fig. 5. A soil phage which destroys soil 
bacteria. Phages are a class of virus—they 
are capable of muitiplying and consist of 
DNA surrounded by a protein covering. 


like a solid lump of Rothamsted’s clay 
soil is really empty space (see Fig. 7). 
R.J. B. Williams and G. W. Cooke found 
that many of the pores range in size from 
about 200 to 400 microns, but in the 
Woburn sandy soil, much poorer in clay 
and organic matter, they are mostly 
below 200 microns in equivalent dia- 
meter, and the total pore space is only 
about a third of the volume of the soil. 


Soil water supply 

Pore spaces become more or less filled 
with water after heavy rain. Much of it 
drains away under the action of gravity 
when the rain ceases, but surface forces 
which are far more powerful than gravity 
retain a considerable quantity depending 
on the sizes of the pores: only those 
above 30 microns equivalent diameter 
lose water by drainage. After drainage 
ceases water may still occupy two-thirds 
or more of the pore space—roughly 
equivalent to some 30-40% of the total 
volume of the soil. It coats the walls of 
the spaces with a thin layer which allows 


Fig. 6. Electron micrograph of a soil bac- 
terium. In the top six inches of grassland 
soil there may be up to 4 tons of bacteria in 
anacre. (Photo: Dr E. Van Slogteren) 


the development on them of bacterial 
and fungal colonies, and is deep enough 
to allow bacteria, protozoa, nematodes 
and rotifers to move about in it. Plant 
roots can suck out much of this water: 
those of our common plants can exert 
pulls of about 10 atmospheres or 300 
feet of water. But some water still 
remains ; R. K. Schofield has shown that 
the last of it requires for its removal a 
suction of the order of 10,000 atmos- 
pheres—equal to a column of water 60 
miles high. 


Gases in the soil 

Air occupies the soil pore space not 
taken up by water. Measurements in pro- 
gress by J. C. Hawkins indicate that 
under a mature potato crop the oxygen 
consumption may be of the order of 6 to 
13 litres per square metre per day, of 
which the soil population took between 
a third and three-quarters, the lower 
amount on a sandy soil and the higher 
on a fen soil. Air diffuses so rapidly into 
and out of normal soil that quantities of 





Fig. 7. A photomicrograph of a thin 
section of soil showing the proportion of 
soil volume that is in fact empty space. 
(Photo: Rothamsted Experimental Station) 


this order are readily supplied; the air 
six inches down in the soil of a Rotham- 
sted wheat field differs little in oxygen 
content from the atmosphere though it 
contains somewhat more carbon dioxide. 
There were greater differences on the 
grassland, but apparently insufficient to 
affect the soil organisms; they are more 
numerous than on arable land. 


Hazards to the soil population 

These are many and drastic. The 
acidity consequent on the absence of 
calcium carbonate profoundly alters the 
soil population, cutting out many mem- 
bers and favouring others. Earthworms 
disappear, but whether owing to the acid 
or to lack of calcium is not clear. Severe 
drought is harmful, but its effect is 
negligible deep in the soil; bacteria and 
protozoa can escape by passing into a 
resting condition. 

The greatest hazard to the soil popula- 
tion appears to be the widespread pre- 
dacity of its members and the constant 
and varied warfare that prevails. The 


DECEMBER! 








coy 








Sere. SS. la ee, eee " 


ir 


it 


small 3-celled rings. 


larger prey upon the smaller: protozoa, 
certain nematodes, mites and springtails 
all prey upon the bacteria, while the 
protozoa and nematodes are consumed 
by mites, which in turn are consumed by 
other anthropods—and so the tale goes 
on. The predacity is not always indis- 
criminate. B. N. Singh at Rothamsted has 
shown that the soil protozoa are very 
selective in the bacteria they feed upon, 
taking some species readily and refusing 
others. Fungi also come into the struggle: 
some are taken by predators, some are 
themselves predacious, capturing nema- 
todes either by hyphal nooses or sticky 
networks, or producing sticky spores 
which are picked up by the nematodes. 
The victim’s body is then penetrated by 
an outgrowth from the fungus and its 
proliferations absorb the body contents 
(see Fig. 8). C. L. Duddington has made 
interesting studies of these groups. There 
is also vigorous chemical warfare: some 
of the fungi eliminate competitors by 
discharging poisonous antibiotics. These 
have been studied by S. D. Garrett and 





F. W. Brian; it is not known how they 
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Fig. 8. Eelworms captured by a predacious fungus. The fungus 
consists of microscopic threads (hyphae) to which are attached 
If an eelworm thrusts its body into a 
ring, the cells of the ring expand inwards, so gripping the 


eelworm. 


eelworms. 


affect the soil fauna. Some of these 
enchytraeids, according to Jegen, poison 
the nematodes on which they feed and 
then consume the decomposing mass. 
Some plants excrete from their roots 
poisons to kill parasitic fungi, others, 
curiously enough, excrete stimulants that 
arouse destructive pests from dormancy: 
potatoes thus become infested with wart 
disease and parasitic nematodes. 

There are numerous cases of external 
parasitism and of phoresi (transport of 
smaller animals by hosts) and internal 
parasites occur in the larger animals, such 
as earthworms, but there is no record of 
their occurrence in the small animals, so 
Dr Macfadyen tells me. This seems 
extraordinary: is it possible that they 
are there, but too small to be seen with 
an optical microscope? Soils contain such 
entities, the phages. They attack and dis- 
solve bacteria and actonomycetes, but 
very selectively, each group attacking 
only certain strains of one group of their 
victims. They are far smaller than bac- 
teria, about 0.01 to 0.1 microns in dia- 
meter, and can be seen only by an 


has been dead for some time. 





Hyphae from the ring then grow into the eelworm 
and absorb its contents. The photograph shows two captured 


The one on the left is still alive, while the other 


(Photo : Dr C. Duddington.) 


electron microscope. They are a class of 
virus, and are able to reproduce them- 
selves although they consist only of DNA 
enclosed in a protein coat. They are 
studied by J. Kleczkowska at Rothamsted 
Experimental Station. 

Bacteria appear to have the most 
enemies but are saved from extermination 
by their colossal power of reproduction 
and their small size, which presumably 
enables them to find refuge in the minute 
recesses of the soil. This is fortunate 
because they are very efficient scavengers 
and can produce and secrete enzymes 
which will decomopose many harmful 
organic substances; they also oxidise the 
poisonous ammonia contained in the 
secretions of predators that feed on 
organisms rich in nitrogen, such as 
bacteria, which may contain 3-15%. 
This scavenging action of bacteria is 
assuming increasing importance now that 
farmers are using increasing quantities 
of organic poisons to control weeds, 
pests and plant and animal diseases; 
these poisons get into the soil and if 
they accumulated might do serious and 








unexpected harm. The soil bacteria can 
decompose many stable types including 
benzene and naphthalene compounds ; the 
formula should be designed to ensure 
destruction when their work is done. 


Food cycles in the soil 

The ultimate source of food for the 
soil population is the dead vegetation 
falling on the soil surface and dragged in 
by the larger animals. Some organisms 
feed on it directly, some at second hand, 
some even more indirectly. The process 
has been studied by the foresters, and 
considerable work is now being done on 
grassland and on arable soils. W. Kiihnelt, 
in the book already mentioned, describes 
the process as seen in a Swiss forest. In 
the first stage the forest litter is attacked 
by numerous members of the population. 
Bacteria and many of the animals take 
the carbohydrates and proteins which 
they can digest and the fungi feed on the 
celluloses in the wood, which other 
organisms cannot take. In the second 
stage organisms of the first stage are 
devoured by the predators. In neither 
stage do the organisms assimilate all the 
material they ingest: the rest is excreted. 
But the excretions still have some food 
and energy value and in the third stage 
they are consumed by the coprophagous 
or dung-eating organisms ; this process is 
repeated while any utilisable material 
remains. Kiihnelt states that among the 
Tipulid larvae some of the smaller indi- 
viduals consume the excreta of the larger 
ones—a monstrous piece of economy. 
The faeces of many soil animals are rich 
centres for germination and growth of 
micro-organisms. 

The process appears to be of the same 
pattern on grass land and on arable land. 
Earthworms and other large animals 
begin operations by dragging the plant 
material into the soil and ingesting it. 
The decomposition is intensified by the 
vast numbers of bacteria in their guts 
which seem to find conditions there more 
favourable than in the soil outside: 
oxygen absorption and carbon dioxide 
evolution are much increased by the pre- 
sence of these larger animals in the soil. 
Other actions are stimulated also: in the 
Arnheim experiments the introduction of 
a millipede into a soil culture increased 
fungus germination 400-fold. These are 
examples of what A. Macfadyen has 
called the catalytic action of the soil 
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fauna. The small animals take over as in 
forest soils. 


Conclusion 

The most remarkable part of the story 
is the conclusion. The final unconsumed 
and indigestible material and excretions 
constitute the soil humus (most important 
for plant growth) and the simple salts to 
which much of the digested material has 
been reduced are nutrients essential to 
plant growth. They were taken up by the 
plant while it lived, they helped to build 
up the plant tissues, and now at the end 
they are back in the soil ready to nourish 
a new generation and start the cycle 
again. The population on the surface of 
the soil, including ourselves, is thus 
entirely dependent on the population, 
mostly invisible to our eyes, living within 
it. 

Much of our agricultural effort is 
really an attempt to help the soil popula- 
tion prepare the food for the next genera- 
tion of plants. Plant residues—grass and 
clover leys, straw mixed with animal 
manure—are ploughed into the soil so 
that the soil population can get at it 
more easily. E. W. Russell* compared the 
number of calories of human food pro- 
duced with the number in the organic 
matter supplied per acre to the soil 
population: 13 million calories had been 
given, which would have sufficed for 12 
persons for a year, but the calories in the 
human food produced numbered two 
million, sufficient for the needs of two 
persons only. More economical proce- 
dures are now known, but even the best 
are extravagant and much research is 
needed to ensure a more equitable dis- 
tribution. 

It will ultimately be necessary to secure 
control of the soil population so as to 
ensure more efficient working in our 
interests. For this purpose the soil popu- 
lation must be studied as a whole and not 
in isolated groups. Fortunately the subject 
is attracting increasing attention and 
much good work is now being done. 
Considerable progress may be expected 
in the near future. 
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NEMATODES 


Fig. 9. The food-cycle of free-living nematodes. The inner cycle represents 
the soil organic matter derived from plant residues and the surrounding 
ring is the contribution made by the dead bodies of the soil population 
which, however, is ultimately derived from plant tissues. The heavy 
lines mean “enter into”, the light lines mean “turn into when dead”. 
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Doomsday Disarmed 
Lord Boyd-Orr, F.R.S. 


Arms Control and Disarmament 
Edited by D. G. Brennan (Jonathan Cape, 
475 pp., 42s.) 

The 23 articles by eminent Americans in 
this nmjost important book give a com- 
prehensive account of American thinking 
on disarmament. Equally interesting are 
comments on the articles by Raymond 
Aron of Paris; Alastair Buchan, Direc- 
tor of the Institute for Strategic Studies, 
London; Jules Moch, former Prime 
Minister of France; and Philip Noel- 
Baker. These, though dealing mainly 
with the position of France and Britain, 
take a wider world view of the subject: 
they can be specially commended to those 
interested to learn what would happen 
to Europe if the armament race ended 
in war. 

All the articles agree on the need for 
disarmament. As Jerome Wiesner, the 
author of an excellent article says, both 
Russia and America already have enough 
nuclear explosives to kill each other 
several times over and the prospect of 
the spread of large numbers of such 
weapons to other nations only adds to 
the nightmare. At the end of the last 
war Eisenhower said that another war 
with atom bombs would destroy civilisa- 
tion as we know it. The H bomb is 
1,500 times as destructive as the atom 


bomb that fell on Hiroshima. To reason- 
able people what we already have would 
appear to be more than sufficient. Yet 
America is spending 8,400 million dollars 
on research for more efficient military 
weapons. Russia is, no doubt, doing 
research on an equal scale, and Britain, 
France, China and probably other coun- 
tries, on a more limited scale. This arms 
race makes one wonder whether the few 
score men who hold the destiny of man- 
kind in their hands are quite sane. 

Britain and France are so far the 
only countries, apart from Russia and 
America, which have nuclear weapons. 
Doctor Doty in his article argues that 
neither Britain nor France could, before 
1970, deploy more than a small and 
relatively vulnerable nuclear weapon 
capacity and that their possession of such 
weapons would offer no security. By 
misunderstandings it would increase the 
danger of an undesired war. Raymond 
Aron says the American bombing bases 
would make a direct attack on them 
inevitable in the case of war. This is a 
serious matter for Britain if the decision 
of the Minister of Defence in 1957 to 
defend only the American bases and 
leave our cities undefended still holds 
good. 

Dr. Doty considers that the decision 
of Britain and France to have nuclear 
weapons is only an anachronistic expres- 
sion of nationalism. This view is justified 
by the statement of a former British 


Minister for Foreign Affairs that we are 
joining in the armament race to enable 
Britain to continue to be a great power, 
This hopeless attempt to “keep up with 
the Joneses” can hardly justify its danger 
to the people in the case of war. 

Some of the articles consider favour- 
ably partial disarmament by agreement 
not to use nuclear weapons in war. This 
seems to be the hope of the “Ban the 
Bomb Movement” in this country. Jules 
Moch rightly argues that partial disarma- 
ment is worthless. Even if all nuclear 
weapons were destroyed the knowledge 
of how to make them would persist. 
Within a short time after the beginning 
of war with conventional arms, nuclear 
weapons would reappear on both sides. 
The only way to ban the bomb is to 
ban war itself. 

The road to survival seems to lie 
only in making the United Nations the 
only world power with the necessary 
international court of justice and 
military forces to enforce its decision. 
This is the theme of the article “»y Louis 
Sohn. The difficulty is how to bring this 
about. Eisenhower is quoted in one of 
the articles as saying that the popular 
demand for the abolition of war is now 
so powerful that governments should get 
out of the way and let the people have it. 
This demand is growing as people begin 
to realise what a third world war with 
nuclear weapons and biological and 
chemical weapons would mean. There 


+ 


The centre of Nagasaki before and after it was hit by the 20-kiloton bomb in 1945. (Courtesy of U.S. Atomic Energy Commission.) 
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AUTOMATIC and REMOTE CONTROL 


Proceedings of the First International Congress of tre International Federation 
of Automatic Control (FAC) MOSCOW 1960 
Editor: J. F. Coales Co-editors: J. R. Ragazzini and A. T. Fuller 


In Four Volumes £45 the set Individual Volumes £12 

a These four volmes contain the papers read at the First International IFAC Conference (Moscow 1960) together 
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the theory of structures, stochastic and special mathematical problems of automatic control. In the second 
ur. section the papers are devoted to the theory and practical work of designing electric, magnetic and pneumatic 
ent elements of control systems, programming and computing devices, controlling computers and systems of 
his automatic control. The final section deals with the design principles and the practical industrial application 
the of automization in machine-building, metallurgical and chemical industries among others. 
les 
na- 
« FINFORMATION THEORY 
Ige . ' 
ist. Editor: Colin Cherry 476 pages Price 95s. 
=. This book contains the Proceedings of the Fourth London Symposium on Information Theory; the full text of 
cs, all the presented papers are included, together with the bulk of those discussions which have been committed 
to to paper. 

The papers now presented range over a wide field and, in spite of the title, are not confined to pure Information 
lie Theory. The organizer of the Symposium has selected examples of the best work from a number of new 
the developments, some of which are still in their infancy. A glance at the contents will show something of their 
ry scope. At the same time the selection has been made from those papers which seemed most likely to appeal 
nd to a common audience. The result is a novel and stimu!ating work. 
on. 
uis 
:|[|ORGANIC PEROXIDES 
of 
. Alwyn G. Davis 215 pages Price 50s. 
pet Academic and industrial interest in the organic peroxides is widespread and increasing rapidly, but, up until now, 
it. no comprehensive account of the chemistry of these compounds has been available. This book will undoubtedly 
gin fill the gap. Both the practical and theoretical aspects of the formation and reactions of the peroxides are 
ith discussed, and many tables of the more important classes of compounds are included. In the final chapter 
nd methods of detection and analysis as well as explosion hazards and safeguards are reviewed in the light of the 
re author’s considerable experience. 

A. H. Rose 224 pages Price 60s. 


This book provides, in a most concise form, a survey of the many processes that go to make up the complex 
mosaic of industrial microbiology. Stress has been laid on the biochemical, engineering and, in some cases, 
economic principles underlying the use of micro-organisms in industrial processes. It will doubtless prove 
invaluable to the student-microbiologist, the biochemist and to the engineer. 
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is now a peace movement in many coun- 
tries including both Russia and America. 
The hope is that a powerful well informed 
world-wide public opinion will ultimately 
force politicians to put the welfare of 
the people of the world before national 
prestige and begin to talk sense instead 
of obsolete power politics. 

This book can be commended to both 
politicians and people in all countries. 
The better understanding of the danger 
of the present arms race could, even at 
this late hour, lead governments to drop 
propaganda of fear and hate and begin 
to think rationally of the quickest way 
of escape from the abyss of war. 


The Scientific Present ? 
Professor J. Rotblat 


Current Trends in Scientific Research 
By Pierre Auger (United Nations and 
UNESCO ; available H.M.S.O., 245 pp.. 
33s.) 

The impact of science on every walk of 
life is well appreciated nowadays. It is 
generally agreed that the development of 
science and technology is mainly respon- 
sible for the amazing increase in the 
standard of living, and it is confidently 
prophesised that — given peace and 
stability—-science will ensure everlasting 
happiness to all. But is this confidence 
justified? Firstly, is peace and stability 
possible while scientific activity is increas- 
ing exponentially? Not only have 
science and technology created the means 
for the complete annihilation of life on 
earth, but they have also introduced an 
element of insecurity into relations 
between nations; there is now a large 
amplification factor operating, with the 
result that every trivial dispute is magni- 
fied to the dimensions of a world crisis, 
bringing us frequently to the brink of 
utter disaster. Secondly, can _ science 
itself go on increasing indefinitely? When 
one considers the ever-increasing degree 
of specialisation, one cannot but be 
worried about the mentality of the 
scientist of the future, with hardly any 
knowledge or interest in any subject but 
his own field of work, or about the 
people who will direct and control this 
species of robot-scientist. This in turn 
leads to the question whether the 
scientist should leave the implications of 
his work to the professional politicians 
and statesmen or whether he should him- 
self feel responsible for them and devote 
some of his energy to the social problems 
created by the advance of science? 

The answers to these questions are not 
given explicitly in Auger’s report on 
“Current Trends in Scientific Research.” 
The report was not intended to provide 
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these answers, but those who seek them 
will be greatly helped by this book. 
Before attempting to find a solution to 
the problem of the future of science, it 
is essential to start from a knowledge of 
its present state, and this purpose is 
admirably served by the report. 


About three years ago the General 
Assembly of the United Nations adopted 
a resolution, calling for a survey to be 
made on the main trends of scientific 
research, the dissemination and applica- 
tion for peaceful ends of scientific know- 
ledge, and on “the steps which might be 
taken by the United Nations, the Specia- 
lised Agencies and the International 
Atomic Energy Agency, towards encour- 
aging the concentration of such efforts 
upon the most urgent problems, having 
regard to the needs of the various 
countries.” 

After consultations with UNESCO, 
Professor Pierre Auger was given the 
task of preparing the survey. This was 
an excellent choice, since as former 
Director of the Department of Natural 
Sciences of UNESCO, Auger had been 
in close contact with scientists and 
scientific unions, and familiar with the 
important events in research. Even fora 
man with such wide knowledge and 
interest, the task would have been impos- 
sible without the assistance of many 
people. The book lists over 200 national 
and international organisations, as well 
as nearly 300 individuals who were con- 
sulted during the preparation of the 
report. 

Most of the book is taken up by a 
survey of current topics of scientific 
research in the fundamental sciences 
(mathematics, physics, chemistry, bio- 
logy), the earth and space sciences, the 
medical sciences, food and agricultural 
sciences, fuel and power research, and 
finally industrial research. This is 
really a monumental piece of work; it is 
probably the first time that such a com- 
prehensive review, covering all fields of 
scientific endeavour, has been attempted. 

It is clearly impossible for any one 
person to judge whether all fields of 
research have received adequate treat- 
ment in the survey, but if the two areas 
with which the reviewer is familiar can be 
considered as random samples, then the 
conclusion must be that the task has been 
accomplished most successfully. 

Apart from its intrinsic value, the 
survey is of great importance in bringing 
to the fore the interdependence of 
various branches of science and the con- 
tinuous emergence of new fields by the 
fusion of borderline subjects. It will also 
serve as a salutary lesson to the arrogant 


scientist who thinks of his piece of 
research as the most important thing ip 
the world, to realise that it constitutes q 
very tiny fraction of the total research 
effort. For these reasons the book should 
be studied by every scientific worker, 

Apart from the survey, the book cop. 
tains an introductory chapter and q 
section dealing with recommendations, 
Both of these make very interesting 
reading. 

The introduction contains general re. 
marks about the rate of development of 
science. As already noted, the growth 
of scientific activities follows an exponen. 
tial law. According to Auger the 
doubling time of these activities is 10 
years; every 10 years the volume of 
scientific work increases two-fold. This 
figure was deduced from a variety of 
statistical facts, such as the number of 
original publications in scientific journals, 
the number of abstracts in a single branch 
of science, the number of scientific 
personnel working in laboratories, or the 
number of significant scientific dis. 
coveries made each year. 

Another striking expression of the 
doubling of scientific activities every 
decade is quoted by Auger: the number 
of scientists alive today is equal to 90% 
of all the scientists who have existed 
since the beginning of history! 

Other forms of human activities are, 
of course, also increasing, but at a far, 
far slower rate. The doubling time of 
activities not directly related to science is 
40 years. Such a tremendous difference 
can hardly be maintained indefinitely; in 
fact, there are already indications of a 
slowing down in the rate of growth of 
science. Auger gives several reasons for 
this slowing down which can probably 
be best expressed as the result of self- 
suffocation. It is becoming increasingly 
difficult for the research worker to keep 
abreast of events, even in his own, 
very limited, research subject. The 
problem of training research workers at 
the necessary rate is becoming more and 
more formidable. Above all, the out- 
put of the individual scientist, from the 
point of view of the value of the results 
of his research work, is bound to 
decrease, mainly because of the duplica- 
tion, and the ever increasing likelihood 
that the same work is being carried out 
simultaneously in another part of the 
world. The policy of secrecy, whether 
imposed by governments for security 
reasons, or by industry for profit reasons, 
is contributing towards the multiplication 
of parallel efforts and towards the reduc: 
tion of the effectiveness of research work. 
There is thus a great deal of waste which 
could be avoided by planning scientific 
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research Om an _ international scale. 

A certain amount of duplication is 
perhaps not entirely undesirable. Even 
if the same work is being carried out in 
two different places, the obtaining of 
identical results is a useful and often | 
necessary check on their validity. Should 
the results differ, the discrepancy may | 
bring to light some new phenomenon | 
which would otherwise have been over- 
looked. Moreover, the element of com- 
petition, the rivalry between two teams | 
working on similar projects, and vying | 
with each other to be the first at the goal, 
is often a very stimulating factor. None- | 
theless, one must agree with Auger that | 
the amount of duplication is at present | 
far too great, and that we would - 
benefit by a greater measure of co- | 
ordination. | 

This brings us to the recommendations | 
which Auger makes about the organisa- | 
tion of scientific research and dissemina- | 
tion of scientific knowledge. They are 
directly based on the survey of current | 
research work and fall into two) 
categories, general and special recom- 
mendations. The first class is concerned 
with projects which would affect a num- | 
ber of organisations, or would help the 
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CHEMICAL CONTROL OF INSECTS 
By T. F. WEST & J. ELIOT HARDY 
SECOND EDITION 


There are many books and monographs dealing in detail with specialised, 
narrow fields of chemical pest control; there are fewer which treat the 
subject as a whole and are suitable for reference by students or workers 
in different but allied subjects. In revising this book—which has involved 
almost complete re-writing—the authors have succeeded in providing a 
broad and up-to-date outline of the subject, bearing in mind that it is 
one on which the emphasis is constantly changing. Illus. 50s. 


WAVE MECHANICS 


OF CRYSTALLINE SOLIDS 


By R. A. SMITH 


The underlying theory, both of the forces which bind solids into their 
crystalline form and of the motion of change carriers through the solids, 
is by no means simple. The purpose of this book is to make some of the 
basic theory of crystalline solids more readily available to experimental 
physicists, and it treats the fundamental theory of wave motion in solids 
—both that of the lattice and of the electrons—in as elementary a manner 








very important problems of scientific 


general development of science. The | 
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documentation, of international scientific | 





conferences, of the organisation of inter- 
national co-operation in 
research, are considered under this head- 
ing. The special recommendations deal 
with limited subjects and range over all 
branches of science discussed in the 
survey. 
One may not perhaps agree with all of 
Auger’s recommendations. For example, 
some people will doubt whether very 
large conferences, of the type of the two 
United Nations Conferences on the) 
Peaceful Uses of Atomic Energy, are 
really more useful than small symposia. | 
One would have also liked to see more 
imaginative proposals in some areas, as 
for example the exchange of students and | 
scientists. But these are very minor 
criticisms which do not detract from the 
great importance of the recommenda- 
tions. It is to be earnestly hoped that | 
they will be accepted by the appropriate 
national and international organisations. 
The implementation of these recom- 
mendations will certainly help to achieve 
the purpose outlined by Auger: better 
utilisation of science with resulting 
material benefits to man. But it may | 
achieve much more than this, it may 
make for a safer world. Constructive | 
international co-operation in science is | 
one of the best ways of creating trust 
between nations. The greatest source of 
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cintfic PITMAN TECHNICAL BOOKS 


DYNAMIC PHYSICAL CHEMISTRY 

By J. Rose, Ph.D., M.Sc., F.R.1.C. 

Here is a new text on thermodynamics, equilibria and kinetics. The treatment is intermediate between 
the single-volume treatises of physical chemistry and the books written by experts for experts. Its 
object is to take the student with an elementary knowledge of the subject and some mathematical 
concepts and lead him, gradually and firmly, to an understanding of the fundamental aspects of physical 
chemistry. It will also serve as a useful reference book for students, industrial chemists, and teachers. 
For Honours Degree in Chemistry Graduate R.!.C., Dip.Tech. and Chemical Engineering Courses. 


75/- net 
MINIATURE AND MICROMINIATURE ELECTRONICS 
By G. W. A. Dummer and J. W. Granville 
This important new work, written to cover the major trends in electronic development, includes 
considerations on design associated with transistorized equipment and gives co-ordinated information 
on the new types of components and construction techniques now in use and in the process of develop- 
ment for miniature and subminiature electronics equipment. This book will be of the utmost help to 
all designers and users of electronic equipment. Approx. 45/- net 


AN INTRODUCTION TO NUMERICAL METHODS 

By R. Butler, M.Sc., Ph.D., and E. Kerr, B.Sc., Ph.D. 

A new mathematical textbook for students taking Degree and Diploma Courses in Mathematics, Science 
and Engineering. Topics dealt with include: Solution of Algebraic and Transcendental Equations, 
Finite Differences, Interpolation, Numerical Differentiation and Integration, Differential Equations. 


Approx. 27/6 net 
THE BIOLOGY OF MARINE ANIMALS 
By J. A. Colin Nicol 
This took is mainly concerned with the comparative physiology of marine animals, and a knowledge of 
comparative morphology and general biology has been presumed on the part of the reader. It is also 
concerned, to a smaller extent, with the allied fields of animal behaviour and ecology—when these can 
be related to the main theme. Extensive bibliographies are provided to assist the reader in consulting 
the original research publications. 95/- net 


THE ECOLOGY AND LIFE HISTORY OF THE COMMON FROG 

By R. Maxwell Savage, M.A.(Cantab.), Ph.D.(Lond.), F.R.1.C. 

A fascinating new book which covers, more in story than textbook form, the complete life-cycle of 
the common frog. The author is very well known for his scientific papers on amphibia, and some of 
these papers, together with much material that is new, can be found in this work. The book should 
prove of interest to both the amateur and the expert interested in Zoology in general and Amphibia 
in particular. 25/- net 








PITMAN Parker St., Kingsway, London, W.C.2 








557 











ANNOUNCING THE THIRD EDITION OF 


A Textbook of 
Quantitative 
Inorganic Analysis 


INCLUDING 
Elementary Instrumental Analysis 


ARTHUR I. VOGEL, 
D.Sc., D.I.C., F.R.I.C. 


A complete revision of this 
standard textbook, expanded by 
about 300 pages. Meets the 
requirements of college and 
university students of all grades, 
including those reading for the B.Sc. 
Special or Honours Chemistry 
Degree and the G.R.I.C. The book 
may also be regarded as a one- 
volume reference work, and is 
eminently suited for use in 


industrial laboratories. 70s. 


A Classification of 


Living Animals 

LORD ROTHSCHILD, 

G.M., F.R.S. 

The only up-to-date one-volume 
classification of living animals now 
available. Gives nearly 3,000 4 
genera with their order, sub-order 
and in many cases their English | 
or vernacular name. 25s. net 


Absorption, 
Distillation and 


Cooling Towers 


Ww.S. NORMAN, 
M.Sc., Ph.D., M.1.Chem.E. 


Introduces the procedures used in 
the design of towers for the 
transfer of material between the 
gas and liquid phase. The author 
correlates the experimental results 
with the theoretical concepts and 
suggests topics for further research. 
70s. net 


LONGMANS GREEN & CO. LTD 
48 Grosvenor Street, London W.1 








danger at the present time is the mistrust 
between the nations belonging to different 
political systems. This mistrust is 
aggravated by the tremendous dis- 
crepancy between the rates of growth of 
scientific activities and other human 
activities. International co-operation in 
science would diminish this discrepancy. 
Nothing helps more towards the develop- 
ment of trust than common interest and 
experience in working together for con- 
structive ends. With the important role 
played nowadays by science, collabora- 
tion in scientific research would have a 
great significance in improving the 
general tone of the political situation. 
Scientists themselves have both the 
competence and the duty to initiate and 
stimulate such _ collaboration. One 
lesson which the scientist must learn 
from reading Auger’s report is that he 
should not leave the task to others, but 
himself take on the responsibility for the 
implementation of the recommendations. 


Behind the Bamboo 
Curtain 


Dr J. Needham F.R.S. 


Sciences in Communist China 


Edited by S. H. Gould (A.A.A5S., 
Washington: Bailey & Swinfen, London, 
872 pp., 140s.) 


This weighty volume, the result of a sym- 
posium held in Washington nearly a year 
ago, is an attempt to appraise the vast 
scientific and technological upsurge which 
has occurred in China during the past 
dozen years. In principle it will be very 
useful to world science, for the organi- 
sational details of Chinese scientific and 
engineering institutions are not to be 
found in the current reference books, 
and even if the current Chinese journals 
were more freely available than they are 
the gulf between the ideographic and 
alphabetical languages greatly hinders 
communication. 

Twenty-six articles are offered by 29 
contributors, of whom 20 are Chinese 
emigrés living in America (a fact rot 
without significance for the objectivity of 
the work) and only nine Westerners. 
Among the former there are several 
well-known names, such as Lin K’o- 
Shéng (Robert Lim, formerly Surgeon- 
General of the Chinese Army), Wang 
Ching-Hsi, the physiologist, Li Hui-Lin, 
the botanist, and Hsii Lang-Kuang, the 
ethnologist. There is no doubt that any- 


| one interested in what is happening in 


pure and applied science in China will 
find a wealth of illuminating insights in 
the material here collected, not always 





in conformity perhaps with the interpre. 
tations of the readers themselves, 

A general survey of the book reveals 
a spectrum of variation. The articls 
on such subjects as engineering or ee. 
tronics are favourable and congratyl;. 
tory, that on mining and metallurgy eye 
enthusiastic, while those on physics anj 
chemistry, as also geology, are quite 
objective; but when we come to the bio. 
logical sciences, with the controversic 
over genetics and the value to be placed 
upon traditional Chinese medicine, the 
wind of the cold war blows in upon the 
proceedings, and some of the reviews ar 
as much political as scientific. However 
the writers differ among themselves; {o 
instance the much-criticised programm 
of “back-yard blast furnaces” is strongl 
defended by Li and Wu as an effective 
educational process. Similarly, whik 
Lin and Wang make a bitter attack upo 
the study and practice of traditional 
Chinese medicine, their colleagues Wei 
and Ch’en reach balanced or even not 
unfavourable conclusions. The lon 
review of progress in the agricultun| 
sciences by Phillips and Kuo seems par 
ticularly fair and judicious. Standing by 
itself is J. Tuzo Wilson’s article, the work 
of the only Western contributor to th 
symposium who has himself travelled 
and studied in People’s China during th 
last few years. He describes the great 
progress which has been made in geo. 
physics and regrets that international poli 
tics have interfered so shockingly with 
Chinese participation in international 
scientific organisations. 

The specific articles are preceded by 
a group of three having a more genen 
character. Lindbeck’s survey of th 
structure of Chinese science and techno- 
logy, primarily factual in content, is al 
the more welcome as information is ver) 
scarce abroad about the great expansion 
of scientific institutés under the National 
Academy (Academia Sinica), the various 
ministries, and the universities. The con 
tribution of Orleans on education an 
scientific manpower is also mainly objec: 
tive and presents a good deal of statisti 
cal material, forming a resumé of hii 
recent book “Protessional Man-powel 
and Education in Communist China’ 
(National Science Foundation, Washing 
ton, 1961). The same cannot be said of 
the paper by Ch’en Hsi-En on scientist 
and politics. It quotes, to be sure, from 
a number of original Chinese sources 
but it does so in the manner of a pros 





cuting counsel on the staff of Life o 


Time, making no attempt to see th) 
problems in the round, or as they wouli}” 
appear to the Communist scientists them} 
selves, and citing, without interpreting. 
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the “jargon” of a quite different social 
system. : 

Some misunderstandings arise, Ch’en 
believes, for lack of a sound historical 
perspective. For instance, the emphasis 
on fu fa (traditional methods) as often 
more suitable than yang fa (foreign 
methods), discussed on p. 91, means 
nothing to the Westerner or the western- 
ised Chinese who is ignorant of the his- 
tory of Chinese technology. The history 
of science before our own time is but 
touched upon here and there in the book, 
with results ranging from muddled (p. 485) 
toa travesty (p. 325). When we consider 
the great and splendid past of Chinese 
culture, with all its contributions to the 
arts and sciences, it seems a rather hazar- 
dous thing to attempt to evaluate its 
position today with a background which 
commenced yesterday. 

The editing of the volume has suffered 
from what is perhaps the same disease. 
Uniformisation of the alphabetical ver- 
sions of personal and place names has 
been done in a most half-hearted way, 
so that the book is an antheap of mis- 
prints and garblings of names. Only by 
one chance remark could the reviewer 
know that the article already mentioned 
was by Li and Wu rather than Yao and 
Wei. Clear and precise conventions 
established and adhered to will alone 
familiarise Western scientists with the 
work, so often excellent, of their Chinese 
colleagues. As for the index, it looks 
very impressive—until one begins to make 
use of it. 

No praise can be too high for the 
very large amount of work which this 
book has brought together, and for the 
rich bibliographies which it contains. 
The reader must be warned, however, 
that it is far from exhaustive. There is 
no mention, for instance, of China's 
most eminent protein biochemist, and 
one could list a good many of the recent 
decennial review articles which have been 
ignored. 


Evolutionary 
Rearmament 
Dr D. R. Brothwell 


The Humanist Frame 


Edited by Julian Huxley (Allen & Unwin, 
432 pp., 37s. 6d.) 

During the past 500,000 years, man has 
evolved into a large-brained and highly 
intelligent creature. The result of this 


has not only been feats of artistic and 
technological merit, but also the creation 
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Bird-Song 
W. H. THORPE 


A scientific account of how and why bird songs differ, what 
different songs mean, how birds learn their individual songs, 
and how the sounds they make are produced. Cambridge 
Monographs in Experimental Biology. 20s. net 


On Growth and Form 
ABRIDGED BY J. T. BONNER 


The late Sir D’Arcy Thompson’s On Growth and Form is 
a classic of biology. It gives a clear and elegant analysis of 
the mathematical and physical aspects of biological processes. 
Professor Bonner presents the core of the original work in 
D’Arcy Thompson’s own words. 32s. 6d. net 


A Book of Curves 
E. H. LOCKWOOD 


An elementary book on methods of drawing plane curves, 
including conic sections, cycloidal curves, spirals and ‘envelope 
methods’. 25 full-page plates ; 90 diagrams. 25s. net 


Animal Virology 
A. P. WATERSON 


An authoritative introduction discussing the biological status 
of viruses, their examination and culture, the multiplication of 
virus particles within the living cell, the genetics of animal 
viruses, the animal tumour viruses and the relationship between 
viruses and disease. 22s. 6d. net 


Science and Music 
SIR JAMES JEANS 


A simple explanation of the physical basis of sound, musical 
instruments, the ear, pitch, acoustics, etc. ‘A clear,.informative, 
and charming book.’ The Observer. Now available as a 
paperback. 12s. 6d. net 


The Vision of Nature 
SIR CYRIL HINSHELWOOD 


In the Eddington Memorial Lecture for 1961 a scholar 
eminent in both the sciences and the humanities describes the 
contributions which each can make to our understanding of 
the universe. 3s. 6d. net 


From all bookshops 
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of religious and political ideologies which 
have produced mass misery and slaughter. 
In addition, man has perfected the “art” 
of creating slums, producing social 
environments leading to a _ relatively 
high frequency of mental disturbances, 
developing a variety of “escapist” pursuits 
(including the ever more lethal pleasure 
of motoring), concocting numerous foods 
of little nutritive value, and growing the 
cancer-producing tobacco plant. 

The sum total of man’s detrimental path- 
ways of development would seem to 
cancel out, if not outweigh, any worth- 
while evolutionary trends. In a sentence, 
man has probably reached his most 
critical evolutionary point. The time has 
come for some very serious thinking and 
co-operation in the fields of Science, the 
Arts and Politics, and on an international 
scale. 

“The Humanist Frame” consists of a 
series of twenty-six contributions which 
set out to outline a new type of “idea- 
system”, called by Huxley evolutionary 
humanism, which offers a way out of 
the present world chaos. Although it is 
not always easy reading, it is a book with 
an important challenge, and should be 
read by everyone concerned with the 
present world situation. Science and 
scientific imagination, in particular, “can 
provide the methods and the materials for 
philosophical synthesis” (O. L. Reiser). 
However, although scientific aspects are 
particularly vital, the humanist approach 
is no less important and necessary in other 
fields. Sir William Holford, for example, 
emphasises that satisfactory cultural 
evolution necessitates proper develop- 
ment of town and countryside. Similarly, 
Michael Tippett points out that music, 
and other “artistic nourishment” cannot 
be left out of future ethical beliefs. 

Those readers who profess § an 
orthodox religion may find some of the 
statements somewhat disquieting. Sir 
Russell Brain provides evidence to sug- 
gest that mental functions do not exist 
independently of the brain. Indeed, the 
humanist is not concerned with the 
welfare of his “soul” in the next world, 
but with the happiness of man in this. 
Humanism, moreover, has no room for 
“prohibitions and injunctions which are 
justified only in religious or supernatural 
terms rather than for their contribution 
to human welfare” (Baroness Wootton). 

Perhaps the most alarming feature 
about man at present is his increase in 
numbers. This is a_ serious and 
undeniable threat to the material and 
“spiritual” prosperity of future genera- 
tions. Evolutionary humanisms demands 
that the problem be tackled now before 
it is too late. It is not a matter of a 
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very gradual increase in numbers, but of 
an explosive upsurge. As G. C. L. 
Bertram says, every year there is added 
to the world population the total of all 
the present people of Canada, Australia, 
New Zealand, Sweden, Denmark, Fin- 
land and Norway. Furthermore, the 
percentage rate of compound increment 
displays a steady increase. This serious 
situation is unlikely to be alleviated to 
any great extent by an improvement in 
living standards. Only a world pro- 
gramme of organised birth control is 
likely to offset this explosive increase in 
a short period of time—although beth 
Catholic and Communist factions may 
well show considerable resistance to such 
a plan. With the present single-minded 
concern of the governments of many 
larger countries in preparing vast net- 
works of armaments—and all that this 
means in terms of wasted money, 
materials and energy—it is not easy to 
be an optimist as regards world popula- 
tion. 

It is not surprising to find that, in an 
age of fast changing technical societies, 
the humanist insists on a “revitalised 
general education, with a better com- 
mand of the basic skills of reading, 
writing and calculation, and a good 
understanding of fundamental scientific 
principles, facts and methods, and a 
sense of individual and social values 
without which their application is sterile” 
(H. L. Elvin). Humanist education 
would also be concerned, not with social 
differences—so often emphasised today— 
but with the many ways of life which 
communities have in common. 

Evolutionary Humanism, then, as out- 
lined in this book, is a serious new idea- 
system which demands sober considera- 
tion in this age of chaos. It is a pity that 
the book is so long, and that in parts the 
style is so indigestible. 


Physical Oceanography 


By Prof. Albert Defant (Vol. 1: xvi+729 
pp. Vol. 2: viii+598 pp. London and New 
York: Pergamon Press, 1961, 10 guineas 
per set of two volumes). 


Prof. Defant’s book on physical ocean- 
ography has been awaited with great 
interest for many years now. The book 
was completed by 1945 but the difficulty 
of publishing such a large work has meant 
that publication was delayed until 1961 
and the original book has undergone 
several revisions and has been translated 
from German into English. Prof. Defant 
was helped by many people and institu- 
tions, acknowledged in the preface, and 
also by Dr J. N. Carruthers, then of the 
British Hydrographic Department, who 


furthered Prof. Defant’s 
mediate post-war period. 





work in the im. 


It is amazing to think of one mind which 


can envisage the whole o 


f physical ocean. 


ography and we should be parti 

grateful to obtain in but two volumes a 
treatment of so many topics; a concept ig 
expressed with clarity and simplicity (byt 
not necessarily with simplification) and 
then developed, frequently in much detail, 


The author particularly 


emphasises the 


need for understanding the physical and 
chemical properties of sea water, the con- 
comitant of this being that oceanographic 
stations have to be established and data 


collected. 
Prof. Defant was on 


the Meteor Ex. 


pedition of 1925-27 and it is very agreeable 
to find, in this publication, much of the 
information from the reports and papers 
resulting from the expedition. The chapters 
on the temperature, salinity and density 


of sea water are in Part 


I of Volume 1; 


Part II of Volume 1 consists of some 400 
pages on the movements of the water masses 
of the oceans. Necessarily, recent work on 
the relationship of water masses to bottom 
topography, on upwelling, and on the 
direct observations of deep currents is not 
included but nevertheless this part of the 
book is a useful exposition. 

Volume 2 is in two parts, one on waves 
and one on tides and it is a pity that this 
part of the publication could not have been 


revised more completely 


Also, in sections other than those on 
waves and tides it is perhaps unfortunate 
that Prof. Defant says ‘‘the oceanographic 
literatute has been considered in its entirety 
to the end of May, 1957’’. This is not so; 
the work is probably more nearly compre- 
hensive up to 1945 and many topics have 
been intensively studied since and are 
discussed in this book, but much post-war 
work on the topography of the North 


Atlantic is not included. 
It would be proper 


for all marine 


libraries to have copies of these volumes, 
and most oceanographers would benefit 
by possessing them, and although perhaps 
exasperated by the post-war deficiencies 


should bear in mind the 


disarming quota- 


tion from Newton which Prof. Defant uses, 
that the book should be read with for- 
bearance, not with a view to censure but 
so as to remedy any defects. It is an amazing 
compendium of oceanographic informa- 
tion and we are fortunate that Prof. 


Defant’s exceptional 


and 


knowledge 


experience are presented in such an admire 


bly systematic way. 


This book is not 


supposed to present a study of the ideas 
and techniques in oceanography at the 
immediately present time, but is more 


properly a textbook and 
volumes are well worth 


as such the two 


10 guineas. 
MARY SWALLOW 
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is something we enjoy with film stars, 
rock ’n rollers and other modern 
phenomena, but we have been doing 


Meteorological instruments 


Part II. INSTRUMENTS FOR UPPER AIR OBSERVATIONS 
A comprehensive guide, for both meteorologist and 
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other gases. | terms. 25s. (post 1s. 4d.) 
That is why you'll find “Sirocco” | 
fans and ancillary equipment in so 
many factories, coalmines and power | Conservation of Wild Life and 
stations, not only in Britain, but over- | 
seas. | Natural Habitats in 
Our extensive range of technical : 
literature is freely available on request. : Central and East Africa 
It is not intended to be entertaining, | By JULIAN HUXLEY 


Many species of wild life in Africa are in danger of 
extinction if urgent action is not taken. This ‘on 

the spot’ report by the eminent biologist appraises 
the present situation and suggests ways in which the 
problem might best be tackled. (A UNESCO publication) 
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Mellor’s Modern Inorganic Chemistry 


Revised and Edited by G. D. Parkes (Sth 
Edition, 1961. Longmans, London, 1,024 pp., 
40s. net.) 

Mellor’s ‘‘Modern Inorganic Chemistry” 
was first published in 1912. It may well 
have been modern, if not revolutionary, 
in those days. However, in spite of the 
statement in the preface that “nearly ten 
years have now elapsed since the last 
completely new edition was issued and the 
developments of the intervening years have 
more than justified a further thorough 
overhaul of the work’’, this reviewer had 
the eerie feeling on reading this treatise 
that he had been transported back to the 
1930’s when he read Mellor at secondary 
school. 

The adjeciive ‘“‘modern”’ is often misused 
but in my experience never more grossly 
than in the present title. In fact this book 
is a prize, indeed classic, example of what 
I call ‘““Green Pole”’ chemistry (cf. p. 649)— 
the sort of inorganic chemistry that has 
driven many a student to what appeared 
to be more stimulating and fruitful fields 
of intellectual endeavour. 

It is difficult to describe or criticise in 
detail in the compass of a short review the 
failings of this book, which runs to over a 
1,000 pages including indices and suitably 
antique exercise questions such as “Write 
an essay on the effects of intensive drying 
on physical and chemical properties’’. 

After an historical introduction, in which 
the place of the Phlogiston Theory is not 
overlooked, and a brief account of atomic 
structure (circular orbitals with dots) we 
are led through a collection of chapters on, 
for want of a better description, elementary 
physical chemistry, which includes atomic 
weights (Richard’s bottling apparatus and 
all), electrolysis, thermochemistry, law of 
mass action, the colloidal state and so 
forth until on page 285 we finally reach a 
chapter on hydrogen. The remainder of 
the book is devoted to the chemistry of 
the elements. 

At least we can say at once that a lot of 
facts concerning the elements and their 
compounds are given, including history, 
occurrence and isolation of elements and 
manufacture of their more important 
salts. The factual material appears to be 
fairly reliable on the whole but in a book 
of this size errors are to be expected, 
although some of them have no place in 
such a newly revised book. 

This reviewer would be among the last 
to decry the importance of facts to a 
chemist. There is no doubt that, at the 
B.Sc. level, a chemist should have been 
exposed at some time or another to much 
of the chemistry given in this book. But 
what is also quite certain, however, is that 
the classical taxonomical approach is 
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totally inadequate and should not, under 
any circumstances, be presented as such 
to students in these days. 

I can barely credit that in a “modern” 
book, apart from a table of the electro- 
chemical series of the elements (p. 231), 
not a single oxidation-reduction poten- 
tial appears. Further, it is fantastic 
that the structural approach is virtually 
completely lacking. The only word in 
the index containing “‘stereo”’ is “‘stereo- 
type metal”, and of course the Born-Haber 
cycle as an approach to ionic compounds 
might have been invented after going 
to press. 

The treatment of valency is pathetic and 
that of complex chemistry derisory. Non- 
stoichiometry would appear to be a dirty 
word. Considering again the statement in 
the preface quoted above we might have 
expected some mention of the important 
new chemistry developed in the past 10 
years—but not a trace can be found in this 
book of the tremendous developments in 
complex chemistry (the author does not 
appear to have heard even of o-bonds let 
alone x-bonds and ligand fieids), in the 
organometallic chemistry of transition 
metals (not even ferrocene appears) or in 
boron and other non-metallic chemistry. 

I can only surmise that the publishers 
are expecting to cash in on _ the 
“renaissance” of inorganic chemistry. But 
it is my opinion that the adoption of this 
book by schools or colleges for the enlight- 
enment of students would be tantamount 
to a major disaster for the field and would 
set back by at least three decades its 
proper teaching, understanding and 
appreciation. 

G. WILKINSON 


The Theory of Crystal Structure 

Analysis 

By A. L. Kitaigorodskii (Consultants 
Bureau, New York, 275 pp., $12.50). 


The author stresses at the outset that this 
book is devoted to the theory of methods 
of finding the structure of a crystal, and 
is not concerned with the theory of diffrac- 
tion by materials. The first two chapters 
are preliminary accounts of the Fourier 
transform, convolution, reciprocal space, 
and the kinematic theory of scattering. 
The last section in Chapter 2 discusses 
the differences encountered when electron 
diffraction or neutron diffraction takes the 
place of x-ray diffraction in the experi- 
mental studies. 

Chapter 3 deals with the statistics of 
structure amplitudes and structure pro- 
ducts, reproducing the work of A. J. C. 
Wilson and others and developing it in 
various directions. This chapter contains 
matter not otherwise available except in 
Russian, so far as the reviewer is aware. 








Chapter 5 is a mathematical treatment y 
the invaluable function known 
by the name of its originator 
Familiar methods for the refinement of, Some ? 
crystal structure and assessing the apy). 

racy attained are discussed in Chapter ¢ 

There is very little to criticise in gy A itis 
translation or in the technical producti, 
of the book. However, the original text; 
open to criticism in a number of respegi; 

In the Foreword the author claims thy 
the book attempts “to touch upon all tt 
questions in the theory of struct, 
analysis that are being developed in ty 
Soviet Union and abroad” though he adg 
“* , . . because of the particular characte, 
of the book many valuable and interesting 
researches have been omitted”. A glaring 
example of such omission or near-omission 
is the work of Karle and Hauptma, 
recognised in three passing references jy 
the text and a single literature reference, 

Again, throughout the book the author 
excludes from serious consideration nov. 
centro-symmetrical structures on th 
general grounds that such structures ar 
not studied: unfortunately for the workin 
crystallographer, this is by no means tk 
the case. And an account with any clan 
to be comprehensive should certainly de 
‘with such methods as those based m 
isomorphous replacement and on tk 
phenomena of anomalous dispersion, eve 
though these methods are not applicabk 
to every crystal. 

Possibly more serious than sud 
omissions is the inclusion in the text of 
far too many sweeping assertions whith 
are in flat contradiction with gener 
experience in the major crystallographic 
laboratories. For these reasons, only: 
reader already experienced in the practic 
of crystal structure analysis will be fre 
from the risk of acquiring a seriously 
unbalanced view of the state of the art. 

W. H. TAYLO 


Introduction to Soil Microbiology 


By Martin Alexander (John Wiley, 4 
pp., 76s.). 

Combining the practical interests of th 
agronomists with the more theoretic 
concerns of the microbiologist, this wél 
presented and illustrated book covers! 
wide and interesting field. A section a 
the soil as a microbiological habitat an 
the ecology of soil micro-organisms § 
followed by an examination of carbot 
nitrogen and mineral transformations 
the soil. A third section deals with th} 
inter - relationships between mict 
organisms, and between the micte 
organism and the plant. Backgroutl 
material is thoroughly reviewed, afi 
there are very comprehensive lis' 
references. 
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Atlistory of Electrical Engineering 
by Percy Dunseath 








The second volume in the TECHNOLOGY TODAY AND TOMORROW 
gries. A full and authoritative account of the various develop- 
US that ments in electrical engineering, set in a historical and sociological 
all the ontext. With 48 pages of plates and 71 drawings. 45s 


adap Rockets and Spaceflight 5y Hans K. Kaiser 


— A fully illustrated, popular introduction to the whole subject 

resting of how space travel has become a reality for man. Suitable for the 

glaring gneral reader with little technical background, the book outlines 

Mission H ih» subject of spaceflight from all points of view. With 16 pages 

= of plates and 19 diagrams and tables in the text. 21s 
in 


\Istronomical Photography 


by Gerard de Vaucouleurs 


es ae § From the Daguerreotype to the Electron Camera. This book 
Orking ff traces the stages through which photography has passed on its 
way to establishing itself as the astronomer’s indispensable tool, 
from the early achievements of the pioneers to the latest photo- 
graphic, electronic and television techniques. With over 50 plates, 
and some drawings. 25s 


Understanding and Managing Soil for Crop Production. A clearly 
written book for student and farmer giving a basic knowledge 
of soil science in relation to practical agriculture. With 50 plates, 
8 diagrams and 9 maps. 28s 


Soil Biology Sy Wilhelm Kiihnelt 


With Special Reference to the Animal Kingdom “Zoologists 
fre @ Vill. . . welcome this translation (enlarged and brought up to 
date) of Professor Kiihnelt’s ‘Bodenbiologie’ in which, in a 
comparatively small pass, he has brought together the results of 
over 1,150 publications, together with much unpublished material.” 
—NEW SCIENTIST. With 4 plates and 77 drawings. 45s 


‘thet ‘This is the first time that factual descriptions of plants, research, 
opinions and costs covering every continent have been brought 
together in one book. The municipal and public health engineer 
will find it a valuable book of reference.”—MUNICIPAL ENGINEERING. 
With 19 plates. 30s 


the Professor Phillips outlines the present patterns of agriculture from 
ctf} Latin America through Africa to Asia, and discusses constructively 
the problems and potentialities of these lands. With a folding 

f) ap in colour. 42s 


dl Faber & Faber Lid., 24 Russell Square, London, WCI 
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ADHESION 


D. D. ELEY 


A result of round-table discussion in committee by chemists, 
physicists, and engineers, this book contains chapters on_the 
fundamental features of adhesion, by ten different authors. They 
deal with the physics and chemistry of the interface, and of 
adhesive, and with the thermodynamic, stress-strain, and chemical 
aspects. The discussion brings out the close relation between 
wetting of the solid by the — and resultant stress 
concentrations in the joint. Illustrated 55s net 


KINEMATICS OF 
NUCLEAR REACTION 


A. BALDIN, V. I. GOLDANSKII and I. ROZENTAL 
Translated by RONALD F. PEIERLS 


In the physics of elementary particles and nuclear reactions there 
is at present a ‘no-man’s-land’ between experimental data 

and theoretical analyses, covered in this translation of a Russian 
treatise which forms a valuable introduction for newcomers to the 
field, and which will also be useful to specialists. It deals 

with the laws by which the momenta and angles of particles are 
transformed from one frame of reference to another, gives an 
account of the elements of the general theory of scattering, and 
discusses the analysis of reactions involving particles with 

arbitrary spins. 38s net 


AN INTRODUCTION 
TO MAGNETO-FLUID 
MECHANICS 


V. C. A. FERRARO and C. PLUMPTON 


There is an undoubted need among physicists and engineers for 
an introductory account of magneto-fluid dynamics. The aim 

here has been to lay emphasis on basic principles and the more 
general results so far obtained on the subject. The book 

is in two parts: Magneto-hydrodynamics and plasma physics. 

Text-figures 25s net 


Monographs on the Physics and Chemistry of Materials 


DIRECT METHODS IN 
CRYSTALLOGRAPHY 


M. M. WOOLFSON 


The earlier part of this monograph describes simple hand 
applications of direct methods. In later sections more refined direct- 
methods techniques are described for which the services of an 
electronic computer are essential. In the final chapter some 
estimates are made of the future potentialities of direct methods. 
Text-figures 30s net 


The International Series of Monographs on Physics 


HYDRODYNAMIC AND 
HYDROMAGNETIC 
STABILITY 


S. CHANDRASEKHAR 


Here the theory of hydrodynamic and hydromagnetic stability is 
developed as a branch of physics in which experiments play 
an essential part. Illustrated £5 Ss net 


OXFORD UNIVERSITY PRESS 





Just Published... 


SEPARATION 
OF 
ISOTOPES 


Edited by 
H. LONDON, Dr.Phil., F.R.S. 
Atomic Energy 
Research Establishment, Harwell 





This book covers at a high technical | 


level a subject of increasing importance 
in the field of nuclear science. 


It is divided into four sections, covering 
Separation Theory of Statistical Pro- 
cesses, Reversible and Irreversible Statis- 
tical Processes, and Separation by Specific 
Methods (photochemical and electro- 
magnetic). 

The 15 contributors are all of inter- 
national repute, and the Advisory Editor, 








| of 


| An indispensable, 


SAVE £2 10s. ($7.50) 


BY ORDERING BEFORE 
Ist JANUARY, 1962 











Compiled and edited by Robert Maxwell, 
Oxford, with the assistance and co-operation 
the Editors of the Great Soviet 
Encyclopaedia, Moscow. 


authoritative and comprehensive 
work of reference on the U.S.S.R. and its peoples, 
profusely illustrated with maps, photographs, dia- 
grams and tables, and including a wealth of 
information, classified alphabetically, on— 


State Structure: Natural Characteristics: Population: 
Historical Survey: Political and Social Institutions: 


National Economy: Health Services: Theatre: Volun- 


tary Societies: The Union Republics: Physical 
Culture and Sport: Educational and Cultural 
Organisations: The Press and Broadcasting: The 
Armed Forces: Science and Scientific Institutions: 
Literature and the Arts: Music: Cinema: Religion and 
the Church: Chronological Tables: (history from 
Paleoiithic times, important events in the natural 
sciences and the technology from 9th century; 
literature and the Arts from Sth century). 


VALUABLE and COMPLETELY 


UP-TO-DATE APPENDICES include 


The U.S.S.R. in  Figures—the most important 
statistical data on the development of the national 
economy of the U.S.S.R. and the union republics up 
to and including 1960. 


| Soviet Foreign Trade Organisations. 


A Select Bibliography of Important Books on the 
U.S.S.R. recently published in English. 

Addresses of U.S.S.R. Establishments of Higher 
Education and Departments of these Establishments. 


REGULAR ANNUAL SUPPLEMENTS will be 
issued to maintain the usefulness and accuracy of 


| this unique reference work. 


Dr. H. London, has himself contributed | 
the first section on Separation Theory | 


and the General Introduction which co- | 


ordinates the book as a whole. 
All chapters are fully referenced and 
there are ample illustrations. 


506 pages Diagrams 


Ss. 
FROM ALL BOOKSELLERS... 
or in case of difficulty at 82s. by post from 


GEORGE NEWNES, LTD., Tower House, 
Southampton Street, London, W.C.2. 


NEWNES 








Approx. 1,200 pages, 104 in. x 73 in. 
Introductory price valid until January 1, 1962, 
£10 net ($30.00) 

Price after January, 1962, 
£12 10s. net ($37.50) 


Volume will be sent on 14 days’ 
without obligation. 


The approval 





PERGAMON PRESS 


OXFORD LONDON NEW YORK 
Headington Hill Hall, Oxford. 
4 and 5 Fitzroy Square, London, W.1. 
122 East 55th Street, New York 22, N.Y. 








Information 


—U.S.S.R. 





Czechoslovakia 

By E. and J. Neustupny (Thames ang 
Hudson, 185 pp., 30s.) 

The Vikings 

By Holgar Arbman (Thames and Hud. 
son, 147 pp., 30s.) 

These are the 2lst and 22nd in the 
“Ancient Peoples and Places” series 
edited by Glyn Daniel. Like their pre. 
decessors they are scholarly and stimp- 
lating, and attractively presented at a 
reasonable price. Both books are com. 
piled from archeological and _ historical 
sources and provided with ample bibji- 
graphies. They differ, however, in that 
one represents the “peoples” and one the 
“places” in the series. Without any 
doubt the people come off the better, 
Chapters are devoted to the Viking back- 
ground, the Vikings in the Atlantic, on 
the Continent, in the East and in 
America, and another to Viking art. The 
approach to Czechoslovakia is of neces- 
sity chronological and as a result it is 
difficult to form a coherent image of the 
intricacies of the prehistory and early 
history of that country. 

In both books it is still annoying to 
find the text separated from the plates. 
But undoubtedly this economy makes the 
| volumes in this series the best buy on the 
archeological market. 








Carbon-]74 Compounds 
By John R. Catch (Butterworths, 128 pp, 
30s.) 

Now that radio isotope tracers are so 
widely used in so many fields, this guide 
| to the literature and use of carbon-l4 
compounds should be of great value. 
The author has done a thorough job in 
summarising the techniques and pitfalls 
of carbon-14 as a tracer and has included 
| full bibliographies. Chapters deal with 
| the production of the isotope, chemical 
synthesis, biological methods of label- 
| ling, peculiar features of carbon-14 com- 
| pounds, analysis, measurement and 
precautions. 








| A Guidebook to Mechanism in Organic 
Chemistry 

By Peter Sykes (Longmans, 237 pp.., 21s, 
| First-year chemistry graduates should be 
| dancing in the streets for joy at the news 
| of this publication. What was previously 
| available only in a series of monographs 
| or in very expensive and over-detailed 
| American books is now available in one 
| volume for one guinea. The book i 
| beautifully produced and should at last 
| bring home to many people that organic 
| chemistry is not an over-complicated 
| form of cookery. Peter Sykes has done 





_|| a really valuable job. 
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some other books 


les in Mechanical Engineering 
aa By H. McQueen (English Univer- 
sities Press, 8s. 6d.). 


Introduction to Russian Science Reading. 
gy A. Dressler (English Universities Press, 


: rhe Slide Rule for Students of Science and 
Engineering. T. G. C. Ward and B. G. 
Blakey (English Universities Press, 7s. 6d.). 
States of Matter, By E. A. Moelwyn- 
Hughes (Oliver & Boyd, 15s.). 
The Coil of Life. By Ruth Moore (Con- 
stable, 40s.). ; : 
Comparative Animal Physiology (2nd. 
fd). By C. Ladd Prosser and Frank A 
Brown W. B. Saunders, 108s. 6d.). 
Introduction to the Study of Animal 
Populations. By H. G. Andrewartha 
(Methuen, 30s.). 
The Journals of Captain James Cook, Ed. 
by J. C. Beaglehoie (Cambridge University 
Press, 120s.). 
Scotland’s Scientific Heritage. By A. G. 
Clement and R. H. S. Robertson (Oliver & 
Boyd, 18s.). 
A History of Chemistry, Vol. ll. By J. 
C, Partington (Macmillan, 105s.). 
Information Theory. Ed. by Colin Cherry 
(Butterworth, 95s.). 
Modern Production Management. By 
Elwood S. Buffa (John Wiley & Sons, 82s.). 
Kinematics of Nuclear Reactions. By A. 
Baldwin, V. I. Goldanskii and I. L. Rosental 
(Oxford University Press, 38s.). 
Rules for Notation for Organic Com- 
pounds. By 1.U.P.A.C. (Longmans, 25s.). 
Essay on Atomism. By Lancelot Law 
Whyte (Thomas Nelson & Sons, 16s.). 
An Introduction to the Study of Protozoa. 
By Doris Mackinnon and R. S. Hawes 
Oxford University Press, 63s.). 


Adhesion. Ed. by D. D. Eley (Oxford 
University Press, 55s.). 
Radio Today. By D. K. McCleery 


(Oxford University Press, 21s.). 
Modern Merve of Science. Ed. by Sir 
Richard Keane (Phoenix House, 10s. 6d.). 
Nuclear Power Today and Tomorrow. 
By Kenneth Jay (Methuen, 25s.). 
Roger Joseph Boscovich. Ed. by Lancelot 
law Whyte (George Allen & Unwin, 32s.). 
A History of Astronomy. By A. Pan- 
nekoek (George Allen & Unwin, 65s.). 
Technical Glasses. By M. B. Volf (Pit- 
mans, 42s.). 
Experimental Science for the Blind. By 
A. Wexler (Pergamon Press, 30s.). 
Separation of Isotopes. Ed. by H. London 
(Newnes, 80s.). 
Crystallometry. By P. Terpstra and L. W. 
Codd (Longmans, 70s.). 
Gas Chromatography. By D. Ambrose 
and Barbara A. Ambrose (Newnes, 40s.). 
A Geography of the U.S.S.R. By J. P. 
Cole and F. C. German (Butterworth, 50s.). 
Physics for Electrical Engineers. By W. 
P. Jolly (English Universities Press, 21s.). 
Physics for the Inquiring Mind. By Eric 
M. Rogers (Princeton University Press; 
London: Oxford University Press, 48:s.). 
An Approach to Cybernetics. By Gordon 
Pask (Hutchinson, 12s, 6d.). 
Microbial Cell Walls, By M. R. J. Salton 


(ohn Wiley, 28s.). 
Radio Astronomy. By J. H. Piddington 
Magnetism. By D. S. Parasnis (Hutchin- 








(Hutchinson, 12s. 6d.) 
son, 12s. 6d.). 
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Forces and Fields 


MARY B. HESSE MSc PhD This 
book traces through history some of the 
problems raised by one theoretical 
question: “‘How do bodies act on one 
another across space?” ‘It is a pleasure 
to have the story of Action-at-a-Dist- 
ance analyzed and documented ; especi- 
ally when the task has been carried out 
with such clarity, balance and percep- 
tion.’ New Scientist The author is a 
member of the University of Cambridge 
Committee for The History and Philo- 
sophy of Science. 35s 


The Natural 
Philosophy of Time 


G. J. WHITROW MA DPhil. This 
book ranges from the psychological in- 
vestigation of our conscious awareness 
and judgment of time to the abstract 
mathematical analysis of the temporal 
continuum of physics, from the pecu- 
liar temporal properties of elementary 
particles to the question of precogni- 
tion. 15 diagrams. a 


Essay on Atomism 
From Democritus to 1960 


LANCELOT LAW WHYTE Ano in- 
troduction to the concept of atomism 
and its evolution by a distinguished 
philosopher of science. The book is 
written in a straightforward style for 
the layman. 16s 


Nelson’s Atlas 
of the Universe 


Br ERNST and Tj E. DE VRIES edited 
by H. E. BUTLER MA PhD Preface by 
H. A. BRUCK DPhil. PhD Astronomer 
Royal for Scotland ‘Photographs of 
extreme beauty . . . The authority and 
accuracy of the text is without question. 
The second half of the Atlas is an ency- 
clopaedic section, beginning with A 
for Angstrom unit, ending with Zodia- 
cal light, spanning in time the eighteen 
centuries separating Ptolemy from the 
Luniks.’ Sir Bernard Lovell in the 
Spectator 94 plates and over 200 charts 
and diagrams in the text. 42s 
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INTRODUCTION 
TO 


SOIL MICROBIOLOGY 


Martin Alexander, 
Associate Professor of Soil Science, 
Cornell University. 


This book is a blending of the practi- 
cal interests of the agronomist and 
the more theoretical concerns of the 
microbiologist. The approach is rooted 
in three separate sources: (a) a con- 
sideration of the biological processes 
which take place in the soil and their 
importance to soil fertility and plant 
growth; (b) a characterization of the 
subterranean microflora, both from the 
descriptive and from the functional 
viewpoints, and (c) a biochemical study 
of the field of soil microbiology. 


An academic reviewer of the book has 
remarked “. . . . It is the most com- 
prehensive treatment I have seen, and 
is absolutely up to date.” 


472 pages 76/-. 


John Wiley & Sons Ltd., 
Gordon House, Greencoat Place, 
London, S.W.1. 
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H. K. LEWIS & Go. Ltd. 
FOR 
BOOKS 
on all Scientific and 


Technical subjects 


CATALOGUES ON REQUEST 


FOREIGN DEPARTMENT 


SECOND-HAND 
DEPARTMENT 


LENDING LIBRARY 


(Annual Subscription from 
£2 5s.) 


Prospectus on application 


H. K. LEWIS & Co. Ltd. 
136 Gower Street, London, W.C.|! 
Tel. EUS 4282 (7 lines) 
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This series of film reviews introduces 
a new regular feature of Discovery. It 
is our intention to provide the reader, 
whether specialist or non-specialist, with 
concise information about recent films 
which are readily available for hire or 
on free loan in Great Britain. Usually 
these will be 16 mm prints, but where 
the nature of the subject or a particular 
quality of film warrant it, reference 
may be made to films only available on 
35 mm. (One such film is referred to 
below.) 

In selecting from the very large num- 
bers of specialised films distributed in 
Great Britain we will be concerned both 
with significant subject interest and tech- 
nical quality. Readers wishing to obtain 
copies of the films referred to should 
communicate direct with the distributors. 


Blazing Trails in the Cosmos 

Sound, black and white, 35 minutes, 
35 mm only (Moscow Popular Science 
Studios: on hire from Education and 
Television Films, London). 

Made in 1959 this film has only re- 
cently been in distribution in Britain. 
Concerned mainly with space medicine 
it deals with methods of investigating 
reactions to conditions likely to be en- 
countered in space flight—to reduced 
pressure ; to weightlessness. It includes 
a number of examples which, if not 
original, are very useful reference points 
for the non-specialist—a deep sea fish 
swelling and dying on reaching the sur- 
face; reactions of a human volunteer in 
a pressure chamber; astronauts being 
catapulted into the air. It also includes 
some unique film records of the reactions 
of dogs in Soviet space flights. Good. 


Electron Microscopy—an Introduction 


Sound, colour, 28 minutes (Film Centre 
for A.E.I.: free loan from Film Centre, 
London). 

An account of the principles of opera- 
tion of the electron microscope with 
examples of some observations made 
with it, showing how the use of electrons 
has overcome the obstacles which limited 
the use of the light microscope. A fas- 
cinating glimpse of development since 
Malpighi’s pioneer study of blood in the 
veins of a frog’s tongue in 1661, with 
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(3) 
SZ] SCIENCE 
ON FILM 


some beautiful colour studies such as a 
35,000 X magnification of latex rubber ; 
studies of plastics, synthetic fibres (reveal- 
ing wear due to static electricity); and 
some applications in botany. Has won 
major international awards at Turin and 
Rabat. Excellent. 


Eye to the Future 

Sound, colour, 20 minutes (ICI Film 
Unit: free loan from ICI Film Library, 
London). 

Made in response to the view expressed 
by some university staff that whilst fresh- 
men reading electrical or mechanical 
engineering start with at least a rough 
idea of the nature of their field of study, 
those taking chemical engineering rarely 
appreciate the nature of their future 
work. This film, using the device of a 
newly appointed chemical engineer re- 
counting his experiences from entering 
the university, sets out to show the 
diverse nature of chemical engineering, 
its close links with other disciplines, the 
frequently exciting nature of the projects, 
and the general zest and pressure of 
university life. It takes the opportunity 
to emphasise how ICI provides vacation 
jobs for students which link academic 
study to industrial reality, and to show 
that the best students play hard as well 
as work hard. Excellent photography 
and editing and just the right approach 
for the intending freshman. 


Fuel for the Future 


Sound, colour, 30 minutes (World Wide 
Animation for Mullard: free loan from 
Mullard Film Library, London). 

A review of conventional sources of 
power and their limitations and the con- 
tribution which atomic energy will be 
able to make to our future power sources. 
A rather frustrating film which opens 
with an excellent and imaginative account 
of the possible use of sea water as a 
source of power, using heavy hydrogen ; 
digresses to a very protracted account of 
nuclear fission; and leaves one at the 
end with no idea of how far the first 
proposal approximated to probability. 
Needs drastic cutting, a rearrangement 
of the material, and at least some general 
indication of progress in research in this 
field. Animation superb. 








New EUP Books | L 


PROCEEDINGS OF THE SECOND 
INTERNATIONAL CONFERENCE oy 
OPERATIONAL RESEARCH 


Edited by J. BANBURY and 
J. MAITLAND 


The contents include: New Mathematic 
Methods, The Application of Operation 
Research Methods to: The Steel Industry, 
Transport, Atomic and Electrical Powe, 
Control of Production, Computers anj 


Operational Research. 
90|- net rt 


AN INTRODUCTION TO RUSSIAN 
SCIENCE READING 


A. DRESSLER, B.A., Lecturer 

in the Department of Russian Language 
and Literature, University of Leeds 

This book is written to give the scientist th: 
necessary grammatical tools enabling him t 
gain access to information which he requirs 
from Russian scientific and technological 
literature. It contains systematic rules about 
the transliteration of international scientific 
and technological terms into Russian, include 
hints no dictionaries, and finally has a section 
on word building. 
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“It can be recommended warmly, noi 
only to those who want to read Russi 
science, but to anyone over the age of If 
who has some experience of learin 
languages and wants a quick course in 


reading Russian.” 


Technology. 20|- ml 


AN INTRODUCTICN TO 
COMPUTATIONAL METHODS 
K. A. REDISH, B.Sc., Lecturer in 
Computational Methods, Department of 


Mathematical Physics, University of 
Birmingham 





This book is for mathematicians, statistician 
electrical engineers, and for workers in Oper 
tional Research. The aim of this book is 
provide simple economical methods of tacklilt 
various problems concerning computes, 
together with processes for checking the wot 
and analysing errors. 

30|- 1 
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LETTERS TO 


More chemistry 
My own backwater is synthetic organic 
chemistry, in particular experimental 


chemotherapy, and while I look forward 
very much to the monthly voyage over 
the broad ocean on the good ship 


-E Discovery” I should enjoy it even more 


if the captain saw fit to call at least 
occasionally at what for me is the home 

rt. 
have been getting the magazine since 
1954 and my impression is that in 
the last 2-3 years organic chemistry has 
dropped right out: I can’t recall the last 
time I saw a structural formula. Has 
it become all that esoteric, or has nothing 
happened recently to merit inclusion in 
a “magazine of scientific progress”? 
Surely items like recent developments in 
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the study of steroid and terpene bio- 
synthesis, or the synthesis of chlorophyll, 
or the detailed structure of some peptides, 
would be of at ljeast some interest to 
all your readers and of intense interest 
to us neglected chemists! 


R. S. MCELHINNEY 
MRC. of Ireland, 
Trinity College, Dublin 


(The criticism is almost entirely justified : 
in the last few years chemistry does 
sem to have been thrown overboard. 


THE EDITOR 


However, Dr. McElhinney and other 
chemists might like to know that a rescue 


operation is now under way. In the 
January issue there will be a main article 
on new developments in free radical and 
low temperature chemistry ; shortly after, 
Professor Bawn will be writing on poly- 
merisation, and during the coming year 
we are planning to publish articles on 
antibiotics, the porphyrins, alkaloids, 
steroids, and on protein structure and 
coding. —Ed.) 


Max Ernst and i 
Sir: 

In the recent exhibition of paintings 
by Max Ernst at the Tate Gallery there 
was one with the typically vague title 
of “Origin of the Universe”; in it is 
contained the significant formula f=] V-1 
This intrigued me and I wonder if any 
of your readers can detect any funda- 
mental meaning in this complex number. 
I have thrashed my way through it using 
the two well-known expansions for a* 
and log x and arrived at expressions that 
do not appear to give any general value 








for ii. I hope that one of your readers 
may be able to find a solution. 


S.J. W. PLEETH 


111 Woodland Gardens, 
Isleworth, Middlesex 


A mathematician writes: 


ix 


‘ ™ _ wT case 
1 eal + 1S! 5 
en 
0, logi = > 
If y = ii, then log y = ilogi = am 
nm a 


Therefore, y = e - 


7 
The expression ii is multi-valued but e2 
is one of its values—it is in fact real. 


There is no great mystery. 











The Nature of Life 
Cc. H. WADDINGTON 








B.Sc. 


Degree 











Study at Home 


The increasing importance of Science 
in industry, commerce and education 
Opens up many worth-while opportu- 
nities for Science graduates. Wolsey 
Hall (est. 1894) provides postal tuition 
for the examinations leading to the 
B.Sc. degree of London University, 
for which residence at the University 
Is not required. (please 
mention examination or subject) from 
E. W. Shaw Fletcher, c.B.£., LL.B., 
Director of Studies, Dept. WM8, 


WOLSEY HALL 
OXFORD 





How do we nowadays regard the major problems about the nature of life, 
debated at least since the time of Greek civilization? Is life merely a matter 
of chemistry, special only because of its complexity? Or is biological organi- 
zation something entirely different from any non-living process? These and 
many other problems are examined. 18s. 


The Humanist Frame 
Edited by SIR JULIAN HUXLEY 


“provides a great range of stimulating reading, and it ought to be read.”— 

The Observer 
“not only an important book for humanists, but it performs the valuable 
service of showing the implications of an attitude towards which a thought- 
ful public is increasingly receptive.”—The Humanist 37s. 6d. 


A History of Astronomy 

A. PANNEKOEK 

A fascinatins study of man’s knowledge of the heavens distinguished from 

other histo.ies by its constant, realistic endeavour to relate the development 

of astronomy to the social and cultural background on which it is nurtured. 
Illustrated 65s. 

Roger Joseph Boscovich, s,., F-R-s., 1711-1787 

Edited by LANCELOT LAW WHYTE 


Studies on the life and work, on the 250th anniversary of his birth, of one of 
the greatest Slav scientists, famous as the creator of the theory of point 
atoms. Illustrated 32s. 


ALLEN & UNWIN 40 Museum Street, W.C.1 





























The Ideal 
Christmas 
Gift— 


a subscription to 
DISCOVERY 


There could be no better or 
more lasting gift to a friend; one 
who you know would appreciate 
all the good reading you find in 
DISCOVERY each month. 
We will send DISCOVERY any- 
where in the world, complete with 
our Special Greeting Card with 
your name on it. As an all-the- 
year-round gift and permanent 
reminder, it is unequalled. Take 
advantage of this offer NOW ! 


—and an 
introductory 
offer to a friend 


We will gladly send a free speci- 
men copy of DISCOVERY to 
a colleague or friend whom you 
think would be interested. 
Just write the address on the cou- 
pon below and post it. Add 
extra names on a separate sheet 
if you wish. 








To: DISCOVERY, 
109 Waterloo Road, London, S.E.1 


Please send copies to address below, 
I enclose remittance of 36/- ($6.00). 





If we should mention you as the sender, please 
write your name clearly here: 














| UNIVERSITY 
CORRESPONDENCE 
COLLEGE 


Founded 1887 





London University 


B.Sc. Degree 


Science graduates are urgently needed 
for well-paid government and 
administrative appointments and top 
positions in commerce, industry, and 
teaching seeking 














. Men and women 
advancement can obtain the B.Sc. 
Degree of London University as a 
professional qualification by home 
study without residence at the Univer- 
sity or attendance at lectures. U.C.C. 
successfully prepares for the necessary 
examinations, i.e. for Entrance 
requirements, and the Final Exam. for 
B.Sc. (General or Special). Courses 
are also given for other London 
University Degrees, “- B.Sc.(Econ.), | 
| e. *, . 
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* PROSPECTUS giving full details 
post free on request to the Registrar, 
48 Burlington House, CAMBRIDGE 


















































APPOINTMENTS VACANT 


es, 





The National Chemical Laborato; 
(D.S.LR.), Teddington, Middx. req, 
Scientific Officers/Senior Scientific Ofie 
as Physical Chemists and Inorganic 
Chemists to work on the inorganic chemis. 
try of metallic corrosion; the electrochemis. 
try of solutions at high tem 

solid-state inorganic chemistry; and high 
temperature studies. Quals.: Ist or 2n 
Class Hons.: degree in Physics or Chemis. 
try or equiv. and for S.S.O. at least 3 yy 
post graduate experience. Interim salay 
ranges: S.S.O. £1,392-£1,714.. S.O. £773. 
£1,267. Application forms from Directo; 
| at above address, quoting 17ZY. Closing 





date December 15, 1961. 





| -___—— 


|The National Chemical —_Laboraton 

(D.S.LR.) Teddington, Middlesex: requires 
Scientific Officers and Senior Scientific 
Officers as (i) Electron Microscopist to work 
initially on problems relating (a) to studies 
of metallic corrosion and (b) to the micro. 
structure of polymeric materials; (ii) Metal 
Physicist to work in a research group cary. 
ing out basic research on corrosion of 
metals. Quals: Ist or 2nd Class Hons, degree 
in Physics, Chemistry or Metallurgy. For 
S.S.0. at least 3 years’ post-graduate ex. 
perience. Interim salary ranges: S.O. £77}. 
£1,267, S.S.O. £1,392-£1,714. Application 
forms from Director at above address, quot- 
ing 16ZY. Closing date December 15, 1961. 
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SOCIETIES 





FORTHCOMING MEETINGS 


December 2, 1961: International Law Extra- 
terrestrially applied. Dr. Bin Cheng. 


January 12, 1962: Life in the Universe. Prof. 
O. Lowenstein. 


February 13, 1962: Joint Symposium of 8 
Papers on “ The Economics of Astronau- 
tics.” 


March 3, 1962: Astronomy from Rockets 
and Satellites. Prof. Z. Kopal. 


Full programmes from 
L. J. CARTER, Secretary, 


The British Interplanetary Society 
12 Bessborough Gardens, London, S.W.1. 





PATENT EXAMINERS AND PATENT 
OFFICERS. Pensionable posts for men or 
women, normally under 36 on 31.12.61, for 
work on the examination of Patent appli- 
cations. Qualifications: normally a degree, 
or Dip. Tech., with 1st or 2nd class honour 
in physics, chemistry, engineering, o 
mathematics, or equivalent attainment. or 
professional qualification, e.g. A.M.LCE, 
A.M Mech A 


A.M.Inst.Chem.Eng., A.R.LC.,  A.Inst. 
Inner London salary £793-£1,719; starting 
salary may be above minimum. Promo- 
tion prospects. Write Civil Service Com- 
mission, 17 North Audley Street, London, 
W.1, for application form, quoting $//28. 





The Isotope Applications Unit, Wantage, 
Berks, of the National Chemical Laboratory 
(D.S.LR.) requires a Scientific Officer/Senior 
Scientific Officer to undertake chemical 
research using radio-active isotopes into 
problems of other D.S.LR. and industrial 
Research Association Laboratories. Duties 
involve visits to laboratories in various parts 
of the country, ultimately in an advisory 
capacity. Quals:—ist or 2nd Class Hons. 
degree in chemistry or equiv. For S.S.0. 
at least 3 years’ post-grad. research et 
perience. Salary ranges: S.O. £717-£1,222 
S.S.0. £1,302-£1,654. Application forms 





from Director, National Chemical Labor: 
tory, Teddington, Middx. quoting 152 


| Closing date December 15, 1961. 
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; " Purox is the name of a new range of high purity 
ae Alumina, Magnesia and Zirconia refractories. These 
ti : , 
oq refractories contain no glassy bond, and the Alumina is 
‘om- 
don, impervious. They are hard, strong, and have extremely 
- ALLISED ALUMINA 99-7% 
RECRYST . high softening points. New techniques developed at 
— R NIA 97% 
STABILISED ZIRCO ” Neston allow of the manufacture of complex shapes to 
o/ 
a PURE MAGNESIA 98% close tolerances, and of single parts of considerable size. 
Lory 
‘cl These materials open up entirely new possibilities in 
* SK Registered Trade Mark many fields. 
aties 
yarts 
sory 
4 MORGAN REFRACTORIES LIMITED, 
$0 MORGAN 
ex- NESTON, WIRRAL, CHESHIRE. 
2, : 
= Ld on comniieneeee efractories Ltd 
EA Member of The Morgan Crucible Group iit 








Yorkshire accent in North Carolina 


PRI7OH 


In a field in North Carolina where cotton once grew, a 
£20,000,000 chemical plant has now arisen. Here Fiber 
Industries Incorporated is producing a new synthetic 
fibre known as ‘Fortrel’, whose silk-like threads, 
cascading out of spinnerets, are going to textile mills 
throughout America. But among the voices to be heard 
above the whirr of machinery are some that are 
unmistakably English; for this is a joint venture by 
Britain’s leading chemical company, I.C.I., and Celanese 
Corporation of America, in which experts from I.C.I.’s 
‘Terylene’ polyester fibre plants in Yorkshire are 
supplying the scientific skills. 


This is yet another milestone in the triumphant progress 
of I.C.I.’s remarkable synthetic fibre. As “Terylene’, it’s 
made in Britain and Canada. In France, Germany, Italy, 
Holland, Poland, Czechoslovakia, Spain and Japat, 
similar polyester fibres with different trade names but the 
same outstanding properties are being produced undet 
licence from I.C.I. And now, too, in the U.S.A., one of 
the world’s most sophisticated and discriminating markets, 
‘Fortrel’ will be contributing its unique qualities #0 
exacting jobs in industry and bringing to clothes for the 
citizens of Paris, Illinois, the same crisp elegance that 
delights the citizens of Paris, France. 


The influence of I.C.I. research and production 


is felt today in every corner of the globe 


Imperial Chemical Industries Ltd.. London, S.W.1 
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